BOTANY. 


PART I. 

VEGETABLE ANATOMY, OBGANOGKAPHY, AND 
PHYSIOLOGY- 


1. Botany is tliat branch of science which comprehends the know¬ 
ledge of all that relates to the Vegetable kingdom. It embraces a 
Consideration of the external configuration of plants, their structure, 
the functions which they perform, the reliitions which they bear to 
each other, and the uses to which they are subservient. It has been 
divided into the following departments:—1. Structural Botany, or 
Organography, which has reference to the textures of which plants are 
composed, and to the forms of their various organs. 2. Physiological 
Botany, in v/hich plants are considered in their living or active state, 
and while performing certain vital functions. 3. Systematical Botany, 
or Taxonomy, the arrangement and classification of plants. 4. Geogra¬ 
phical Botany, or the distribution of plants over the globe. 5. Fossil 
Botany, or the nature of the plants found in a fossil state in the various 
geological formations. 


CHAPTEK 1. 

ELEMENTARY ORIGANS, OR VEGETABLE TISSUES. 

2. In their earliest and simplest state plants consist of minute vesicles, 
formed by an elastic transparent membrane, which is composed of a 
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CELLIILAB TISSUE. 


substance called Cellulose. This substance is of general occurrence, 
and constitutes the basis of vegetable tissues. The chemical formula 
representing it is either C” H* O', or C" H" O”.* It was long 
considered as essentially a vegetable product, not found in animal 
structures; but Schmidt, Kblliker, and others, have recently detected 
it in the tissues of the ascidia, and other molluscous animals. It is 
allied to starch, into which it is convertible by the action of heat, the 
addition of sulphuric acid, or caustic potash. It becomes yellow on 
the addition of iodine, and when acted upon by iodine and sulphuric 
acid, a blue colour, like that of iodide of starch, is produced. The 
acid appears to convert the cellulose into starch. The membrane 
formed by cellulose is permeable by fluids, and becomes altered in 
the progress of growth, so as to acquire various degrees of consis¬ 
tence. A modification of cellulose occurs in the form of woody 
matter or lignin. The hard cells in the stone of the peach, and in 
the shells of other fruits and seeds, consist of cellulose, with deposits 
of ligBtn. In the advanced stages of growth, plants consist of two 
kinds of tissue. Cellular and Vascular, which, under various modifi¬ 
cations, constitute their Ckmentary organs. These, by their union, 
form the Compound organs, by which the different functions of plants 
are carried on. 


3. The elementary organs consist ot vesicles and tuhes, varying in 
form and size, and united in different ways. Vascular structures 

0 r\ always indicate the pre-existence of ceU growth, but cellular 
^ development may go on indefinitely without the formation of 
' tubes. The vesicles are cavities surrounded by a membrane, 
their length not much exceeding their breadth (fig. 1); while the 
tubes are similar cavities more or less elongated (figs. 3, 4). 


* Theie •jmboli lodirate the equivalcnta of Carbon (C), ITydrogi'n (H), and Oxywn (O), 
which enter into the composition of cellulose. For the meaning of these and other ^enuc^ 
*) mbols. see Chap. II. Sect. I. Di?. 2. on the Food of manta. P. 113, ei tea. 

Fig h Vcaiclet or imaU cells. 
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SECTION I—CELLULAE TISSUE. 

1.—Fobm and Abbanoement of Cblib. 

4. Cellular Tii«ne is formed by the union of minute vesicles or 
bladders, called cells, cellules, or utricles. This tissue is often called 
Parenchyma through, and I infuse). The terms 

Parenchymatous, Areolar, Utricular, and Vesieular, when 
applied to vegetable tissues, may be considered as synony- 
j mous. The individual cells of which this tissue is oom- 

1 posed, when allowed to develope themselves equally in all 

I parts of their circumference, are usually of a more or less 

A rounded form (figs.*5, 6, 7); but during the progress of 

|1 development they frequently become more elongated in 

jl one direction than in another (fig. 2), and often assume 

III angular or polyhedral forms (fig. 8). 
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5. The following names have been applied by Morren, and other 
authors, to the tissue made up of variously-formed cells;—1. Paren¬ 
chyma, a. general name for cellular tissue, but often applied to that 
consisting of dodecahedral cells (figs. 8, 12, 13), which, when cut in 
one direction, exhibit an hexagonal form (figs. 14, 15), and hence the 
tissue is sometimes called hexagonienchyma (s^xyasioc, six-angled); it is 
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seen in the pith of the Elder, and in young palm stems, 2. Sphceren- 
chyma a sphere), spheroidal cells (fig. 5). 3. Merenchyma 

(,«.,e‘^a, torevolve),ellipsoidalcells(fig.6). 4. Ovenchyma {io., an egg), 
oval cells. Koundj elliptical, and oval cells, are common in herbaceous 


fin 5 Tube, or ti 

t 9 in 71 separate and combined. 

'•t... y, w, 11 , 12 , u.-l-i6ure8icpre8ent)ng the Joans of cellfc 




4 


FORM AND ARRANGEMENT OF CELLS 


plants. 5. Conenchyma acone),conioiil cells,as Lairs. C. Columnar, 

cellular tissue, divided into CyUndrenchyma a cylinder), cylin¬ 
drical cells, as in Chara (fig. 17 a), and PrimmcJiyma a prism), 

prismatical cells, seen in the bark of some plants (fig. 10). When 
compressed, prismatical ceDs form the muriform (mums, a wall, like 
bricks of a building) tissue of the medullary rays of woody stems, and 
when much shortened they assume a tabular form, constituting Pinen- 
chyma (ulta^, a table), tabular cells (fig. 11), or square cells (fig. 9). 
7. Prosenchyma (If 29^, or Atractenckyma {Hr^axTos, a spindle), fusi¬ 
form or spindle-shaped cells, seen in woody structures (fig. 2). 8. 

Colpenchyma, {xoavo;. a sinus or fold), sinuous or waved cells, as in the 
cuticle of leaves. 9. Cladenchyma (xXaoof, a branch), branched cells, 
as in some hairs. 10. Actinenchynia a ray), stellate or radiat¬ 

ing cells, as in Juncus and Musa (fig. 16). 11. Dccduknchyma 
entangled), entangled cells, as in some Fungi. 
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6. The size of cells varies not less than their figure in different 

plants, and in different parts of the same plant. They are frequently 
seen from to of an inch in diameter. In cork, whicli 

is cellular, llooke found more than a thousand in the length of an inch. 
In the pith of Elder cells of an inch in diameter are seen. In 
many succulent vegetables, and in the pith of some aquatic plants, 
large cells ranging from to ^ of an inch in diameter occur. 
Mohl declares the general average of cells to vary from to -jy/inr, 

,while the cells in spores of Fungi have been computed at of 
an inch in diameter. 

7. Each cell consists originally of a separate membrane, but in the 
progress of growth the walls of contiguous cells may become united. 
When cells are united by their extremities (fig. 17), their partitions 
are occasionally absorbed so as to form continuous tubes. When 
cells are united in a rectilinear manner, those in contiguous rows are 
either directly opposite to each other, that is, are placed at the same 
height (fig. 18), or are alternate, from being placed at different 
heights (fig. 19),- cells sometimes communicate with each other later¬ 
ally (fig. 20 a a). Isolated cells, as spores of sea-weeds, occasionally 


Fi*f8.14,15.—Hexagonal cells. 

Fig- Id—Brancbing cells of Vicia Faba. 11, Intercellalar lacunse. 
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have free filaments, or cilia (cilium, an eyelash) developed on their 
surface. 
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8. The simplest kinds of plants, as mushrooms and sea-weeds, are 
composed entirely of cellular tissue, and are called Celluiarea. The 
jmlpy and succulent parts of all plants contain much cellular tissue, 
and the object of horticultural operations is to increase the quantity of 
this tissue in ordinary fruits and vegetables. The pith ot trees, and 
plants during their early development are cellular; so also are cotton 
and rice-paper. The cell may be considered as the ultimate struc¬ 
tural element of all organism. In the simplest vegetable forms, as in 
unicellular algse, it is adequate to all the purposes of plant life. Vital 
operations are carried on in all plants by means of cells, the constitu¬ 
tion and functions of which vary according to the nature of the plants 
and the position in the scale of organization which they occupy. In 
the higher classes of plants, certain cells are concerned in the secre¬ 
tion of organizable products, which are elaborated by others into new 
tissues. The life of the higher species of plants results from the 
regular action of cells, which are of unequal value as regards the for¬ 
mation of new organs and new products. In cells there are observed 
the absorption and movements of fluids, the elaboration of these by 
exposure to air and light, and the formation of new cells. Schacht 
remarks that a plant is composed of one or more cells, and that it is 
only in the lowest species that the cells are of the same value; in other 
words, are of the same chemical and physical nature, and of the same 
physiological importance. Even amongst the mushroom and sea¬ 
weed orders, it is only the lowest plants which have cells concerned 
alike in the processes of vegetation and reproduction. The higher 
plants of these orders are composed of parts having different values. 

9. In general, no visible openings can be detected in cells, although 
fluids pass readily into and out of them, Harting and Mulder, however, 
state, that they have observed perforations in the cells of Hoya camosa, 

Hps. 17 18,19 —Cells united together by their extremitlea. 

V It; VO —Elongated thickened cells, from Idle root of the Date Palm, a a. Canals of communl- 
cattoij. 



e 


FOEM Am ABHASGEMENT OF OEtlS. 


Asdepiassyriaca, Cycas rerokta, Vjiginian spiclerwort, and Traveller’s 
joy. In one cell (from a Euphorbia), having a transverse diameter of 
0‘03777 millimetres,* they counted 45 mmute holes. In some mosses, 
also, openings have been found in the cells. 

10. Porous or Pitted cells are those in which the membrane is 
thickened at certain parts, with thin rounded spots intervening, which, 
when viewed by transmitted light, appear like perforations or pores 
(figs. 21, 2bV The unequal deposit of the internal encrust¬ 
ing cellulose or woody matter is the cause of tliis condi¬ 
tion. The pores of contiguous cells usually correspond as 
regards position, and sometimes the membrane becomes 
absorbed between them, so as to allow a direct communi¬ 
cation by means of lateral canals, as is seen in the cells 
Irora the root of the Date (fig. 20 a a). When porous 
** ** cells are united end to end, so as to form tubes, they 

have been denominated articulated Bothrenchpna {i3Ci>o;, a pit), on 
account of their bead-like appearance, and the pits or depressions in 
their thickened walls (fig. 22 ) 

11. Fibrans or Spiral fell* are those in which there is a spiral 
elastic fibre coiled up in the inside of the membrane (fig. 23). When 
united they form fhi o-cclhilar tif.me, or Inenchyma (hes, fibres). These 
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cells generally consist of membrane and fibre combined, but the 
former appears to be sometimes absorbed wholly or partially during 
the progress of growth. The membrane, in some instances, is easily 
dissolved by water, and then the elastic close convolutions of the fibre 
spring out with considerable force, as in the outer covering of the seeds 
of Collomia and Salvia. Spiral cells abound in many of the Orchi¬ 
daceous plants, as Oncidiums and Pleurothallis ruscifolia, also in the gar¬ 
den Balsam, in the leaf of the moss called Sphagnum, and in the Cactus 
tribe. They are also found in the inner covering of anthers, in the 
spore-cases of many of the lower tribes of plants, and in the coats of the 
seeds of Acanthodium spicatum and Sphenogyne speciosa. The spiral 
filaments sometimes exhibit peculiar movements when placed in water. 


• A Tnllllmetre is abont l- 25 th of an English Inch. 

Fig. 21.--Porou8 cell, from the Elder (iiambucus mgra). 

Fig, Articulated Bothrenchyma, or Taphrenthyma, from Mistlcto, having a monillform 
appearance. Figa'id, 24,25.—Spiral, annular, and reticulated cells, from Mistleto (Ki3t.a;/iu(6u7/0 
r'lg 2d.—Soalariform and dotted cell, from Elder (fiambuou nigra) 
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Tht fibre in these cells varies from about yjViy 
in diameter; it is soEd, and presents either a circular, an elliptic, or 
a quadrangular section. The coils of the fibre sometimes separate 
from each other, and become broken up and united In various ways, 
so as to appear in the form of rings, bars, or dots, thus giving rise to 
annular (fig. 24), ret^lated (fig. 25), scalariform and dotted cells 
(fig. 26), which constitute the spurious or imperfect Inetwhyma of 
authors. Annular cells are met with in Opuntia; reticulated cells, 
caused by fibres forming a sort of mesh or network, are seen in the 
wing of the seed of Swietenia, the pericarp of Picridium tingitanum, 
the leaf of Sanseviera guineensis, and the pith of Eubus odoratus and 
Erythrina Corallodendron. 

1‘2. In certain parts of plants cells are placed closely together, and 
compressed so as to touch each other by flat surfaces, filling up space 
completely, and leaving no intervals; they then form the perfect Pareu- 
chyma of Schleiden (figs. 8, 27). In lax tissues, however, the cells retain 
a rounded shape, and then touch each other at certain points only, 
leaving intervals of various sizes and shapes, and forming the imper¬ 
fect Parenchyma of Schleiden (figs. 7, 28). These intervals, when of 
moderate size and continuous, are called intercellular passages or canals; 
when large, irregular, and circumscribed, itUercellular spaces, or La- 
eunce (fig. 16 11). 

13. A difference of opinion prevails as to the mode in which cells 
are united together. Some maintain that the cell-walls in the young 
state unite together directly, and become agglutinated, more or less, 




according to their places of contact. Others, as Mohl and Henfrey, 
hold that there is an intercellular matter which acts as a sort of 
cement, or Collenchyma (poh.>,a, glutinous matter). In sea-weeds, the 
cells, of which the entire plant is composed, are placed at a distance 
from each other (fig. 29 a a), and the intervals are filled up by this 
intercellular substance (fig. 29 6), which thus forms a large part of 


Fl(f. Vt—Cellular tissue, from pith of Elder. „ , 

Fig. 2a—Porous Mereuchyma, from Housoleek {Stmpertimm uctorum), o, Intercellular canal. 



8 


COSTKNTS OF CELLS. 


tbeir bulk, the higher classes of plants, when the cells touch 
each other, the layer of intercellular matter must be very thin, except 
in the intercellular canals or spaces, Mirbel looks upon it as the 

b a 




& 
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remains of the mucilaginous fluid in which the cells were originally 
developed, and which has become tliickeued to a greater or less de¬ 
gree, as in the root of the Date (fig. 30), where a a a indicate the 
cells, and b bb the interposed substance. 

2_Costents or Celts. 

14. The external membrane of cells is composed of the unazotised 
substance called Cellulose, and in their interior a mucilaginous matter 
is contained, which undergoes changes in the progress of growth. 
This mucilaginous matter is the Protoplasm (xfurof, first, and 
formative matter) of Mold, the CytoHastema (kvtos, a cell, and 
a germ) of some authors. It is at first homogeneous, but 
ultimately assumes a granular form. The appearance of granules may 
be regarded as the earliest evidence of the formative process. It con¬ 
tains nitrogen in its composition, or is azotised, and it assumes a brownish 
colour wlien acted upon by iodine. It forms a mucilaginous layer on 
the inner suriace of the cell-wall, and thus gives rise to the internal 
utricle of Harting and Mulder, the primordial utricle of Mirbel. This" 
inner membrane is visible in the young state of the cell, and under 
the action of tincture of iodine may be made to contract and separate 
from the outer cell-wall. It may also be rendered distinct by the 
action of strong hydrochloric acid, and by diluted sulphuric acid. 
When the process of lignification or thickening has advanced, this 
utricle disappears, in consequence of becoming incorporated with the 
cell-wall. 

15. In certain cells the membrane continues throughout to be 
formed of a thin layer of cellulose, while in others it becomes thick¬ 
ened by the deposition of matter on its inner side. These secondary 
deposit^ or incrustations, are sometimes of a gelatinous consistence ; 
at other times they are hard. In the latter case, the incrusting matter 
is looked upon as a modification of cellulose, and has received the name 

Rr. 29 —Cellular tissue of Sea-wced (Bimanthalia Urea), a a, Celia 6, Intercellular matter. 

tig 30 —Central portion of young root of Date, a o a, Tblckened cells, b 6 6, intercellular 
substance of Mirbel. 
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of Ugmne {ligmtm, wood), or tclerogtn hard, and ynt&un, to 

generate). On making sections of such cells, in a transverse (fig. 81) 
or lon^tudinal direction (fig. 32), the succes¬ 
sive layers may be seen either continuous all 
round, or leaving parts of the membrane un¬ 
cover^. Cells of this kind are well seen un¬ 
der the microscope in thin sections of the hard 
shell of the Coco-nut, or of Attalea funifera, 
and of the hard seed of the Ivory Palm. In 
all cell-deposits there is a tendency to a spiral si « 

arrangement. When the deposition is uniform over the whole surface, 
this arrangement may not be detected ; but when interruptions take 
place, then the continued coil becomes evident. In spirtJ cells the 
fibre seems to be formed before the full development of the cell, the 
coils of the fibre being at first in contact, and afterwards separated, 
whereas the secondary thickening layers are deposited after the cell is 
fully formed. According to the observations of Barry, Agardh, and 
others, the filamentous origin of fibrous structures is recognizable in 
the earliest stage of cell growth, and the interweaving of these fila¬ 
ments constitutes the cell-walls. 

16. Each cell is found to contain at some period of its existence, 
a small body called a nucleus (fig. 33 n n n,) in which there are often 
one or two, rarely more, minute spots called nucleoli. 

The nucleus is of around or oval shape, granular and 
dark, or homogeneous and transparent, bearing some 
resemblance to a smaller internal cell. Nucleoli are not 
always present. They are either vesicles and granules 
contained in the nucleus, or minute cavities in its sub- 

, stance. The latter view is supported by Barry, who 
holds that a peculiar substance called hyaline (vaxof, glass), is de¬ 
veloped there, which, according to him, is the origin of the nucleus. 
The nucleus is situated at different parts of the cell. It is either free 
in its cavity, or connected with its walls by mucilaginous threads, or 
imbedded in the substance of the membrane. The addition of acetic 
acid often renders the nucleus distinct. 

17. starchv maitor is found in cells, which constitute the tissue 
called by Morren, Perenchyma a sac.) Starch exists in the 
form of granules, which are minute cells, (perhaps nuclei, as Mulder 
states,) in which nutritious matter is stored up. This matter may be 
deposited in such a way as to give the appearance of stri® surrounding 
a point or hilum, which is considered as an opening into the cell. 
The grains of starch are well seen in the cells of the potato (fig. 34). 




G*' —yj'^nsvcrse section of cells from pulp of Pear 

' s 32.—LonKitudinal section of the same. 

I’lg. So.—Nucleated ceUafrom the Beet 
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In wheat (fig. 35), and in maize (fig. 36), the form of the granules, 
and the successive layers of deposit, are also seen. The grains in the 



stem of Nuphar luteum show the centripetal formation, that is, the 
increase by layers deposited within each other. The addition of iodine 
causes the grains of starch to assume a blue colour, and marks the 
difierence between them and the walls of the cell containing them. 
Schleiden affirms starch to be the most widely diffused substance in 
the vegetable kingdom; its presence may be regarded as in a measure 
indicating the age of the cell. With its formation in many cells, we 
have a limitation of vital activity, by which the organism is brought 
into such a condition that the power of geftnination may be preserved 
for a very long period. 

18. C'rrotois are found in the interior of cells. They probably owe 
their origin to the union between the acids produced or. 
taken up by plants, as oxalic, phosphoric, malic and car¬ 
bonic, and the alkaline matter, as lime and potash, ab¬ 
sorbed from the soil and circulating in the sap. The 
crystals usually lie loose in the cells (figs. 37, 38); but, 
according to Payen, they are sometimes found in a dis¬ 
tinct tissue, and suspended from the wall of a large cell 
(fig. 39)—filling what some have supposed to be the base 
of an undeveloped hair. The crystals are of different 
37 sizes and forms. Occasionally, a single large crystal 
nearly fills a cell, but in general there are numerous crystals united 
together. Sometimes the crystals radiate from a common point (figs. 
40, 41), and form a conglomerate mass; at other times they lie parallel, 
and have the appearance of bundles of fine needles (figs. 37, 38). To 
the latter, the name of Eaphides (a needle), or acicular crystals 
(oats, a needle), was originally given. It has been said that these 
crystals exist also in the intercellular spaces; but this seems to depend 
on the mode in which the section of the plant is made, for when 
raphidian cells (fig. 42 r r r r) are situated close to a lacuna, the crys¬ 
tals may easily be pushed into it accidentally by the knife. Eaphides 
consist principally of phosphate and oxalate of lime. They abound in 
some plants, especially Cacti, and they are common in Squill, and in the 



Fiff. 84.—Cell of Potato, contalnfnji; striated starch gralna. 

Fig. 86 —Grains of bUrch oi Wheat Fig 36.—Grams of starch of Maize. 

Fig 37.'-CeUular tissue of Axurn. maculatom. c, Ceils containing chlorophylle. rr, Raphidlaa 
oella. 
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officinal Turkey Ehubarb, the latter of which owes its grittiness to their 
presence. One hundred grains of rhubarb root contain about 30 or 



40 grains of oxalate of lime crystals. Acicular crystals may be easily 
seen by making a section of any Liliaceous plant, as the hyacinth, and 
spreading the thick mucilaginous matter of the cells on the field of 
the microscope. Radiating raphides are seen in the sepals of Geranium 
robertianum and lucidum; the crystals, consisting of oxalate of lime, 
fill the whole of the cells in the middle of the sepal, their size varying 
from to of an inch. Quekett found them in all the species 
of Pelargonium and Morisonia that he examined, 
and he thinks that they are as general as the,. 
beautiful markings in the cuticle of the petals of 
these plants. Clustered crystals have been de¬ 
tected in Malvaceous plants, and in the sepals of 
the strawberry; numerous acicular crystals have 
been observed in Fuchsias, and solitary cubical 
crystals in the superficial cells of the sepals of 
Prunella vulgaris and Dianthus Caryophyllus. ’’ 

In the outer covering of the seed of Ulrnus campeslris, the sinuous 
boundaries of the compressed cells are traced out completely by minute 
rectangular crystals adhering to each other. Unger detected oxalate 
of lime crystals in Ficus indica and Calathea zebrina. 

19. Cbloropbyu (y^Xughs, green, and fiiXXov, a leaf), or the green 
colouring matter of plants, floats in the fluid of cells, accompanied by 
starch grains. It diflers from starch in being confined to the super¬ 
ficial parenchyma, and in being principally associated with the phe¬ 
nomena of active vegetable life. It has a granular form (fig. 39 u, 
42 c), is soluble in alcohol, appears to be analogous to wax in its com¬ 
position, and is developed under the agency of light. It is well seen in 



Cluetcra of rapLidcB in a large oval cell eurrounded by 


lie. 88.—Cells of Arum maculatnm. 

•maUcr cells. 

tissue, ^ra leaf of Ficus elnstica. e, A large cell, r. An agglomeration of 
An ^ ® filled with grains of chlorophyll, 

ferent forms ^ conglomerate radiating crjstaU, a. Separate crystals of dif- 

-JoVRjoroerate cmtals of oxalate oflimc from Rhoharb- 
"eliular tissue of Colocusia odora, c c. Cells wiiU grams of chlorophyll, rr rr, Ra- 
] Uiuiaa cells projecting into a lacuna or intercellular space. 
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leaves. Under the influence of darkness it undergoes changes which 
are seen in the phenomenon of blanching or etiolation. Its granules 
are usually separate, but sometimes they unite in masses (fig. 37 c). 
Other kinds of colouring matter are also produced during vegetation, 
and occur in the form of fluids or of granules in the interior of cells. 

20. Oil* and Be«in«in matter are found in the interior of cells, as 
well as in intercellular spaces. The cavities containing them are de¬ 
nominated cysts, reservoirs of oil, and receptacles of secretions. They 
are easily detected in the rind of the orange and lemon, in the myrtle 
tribe, and in Hypericum. When small portions of the fresh leaf of 
Sohinus Molle are thrown on water, the resinous matter, by its rapid 
escape, causes them to move by jerks, and the surface of the fluid is 
covered with the exudation. In the bark of the Fir tribe there are 
cavities with thick walls containing turpentine. In the fruit of Um- 
belliferse, canals occur called rntloe (vitta, a head-band, from surrounding ■ 
the fruit), containing oil. 

21. Air cell*, or cavities containing air, consist either of circum- 

scribed spaces surrounded by cells (fig. 43), or of lacunse 
gte. formed by the rupture or disappearance of the septa be- 
tween a number of contiguous cells, as in grasses, Equise- 
turn, Umbelliferous plants, and pith of Walnut. They 
are often large in aquatic plants, and serve the purpose 
43 ^ of floating them, as in Pontederia, Trapa, Aldrovanda, 
and sea-weeds. ITie air-cells ol' Limnocharis Plumieri are beautiful 
objects. 

8.—Development and Functions of Cells. 

22. The subject of CelMevelopment, or Cytogenems {nvrof, a cell, and 
y£»£ir<f, origin), which has given rise to great diversity of opinion among 
physiologists, is still involved in much obscurity. By some it is 
affirmed that the first appearance of vegetable tissue is in the form of 
a mucilaginous fluid, which, gradually thickening, becomes hollowed 
into a number of small cavities constituting the future cells. Schleiden 
believes that the cell is formed from the nucleus, to which he gave 
the name of Cytoblast (kvtos, a cell, and /3A«!7Tdf, a germ), or cell-germ, 
from its supposed generative function. This cytoblast, according 
to him, is the part first formed. It acts by attracting the mucilagi¬ 
nous matter in which it lies, and forming around itself a sort of gela¬ 
tinous covering. There is thus produced round the nucleus a closed 
utricle, which increases in size by the assimilation of the fluid in which 
it is placed. The development usually takes place on one side, the new 
cell appearing in the form of a transparent vesicle rising from the 
surface, and leaving the nucleus attached to the other side of the 


Fig. 43.»Alr-ceU8 in Banuncalus aquatUi«. 
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utricle (fig. 33). The cjtoblast is thus enclosed in the utricle, and 
may ultimately disappear by absorption, leaving a non-nucleated celL 
The membrane surrounding the nucleus is converted gradually into 
cellulose, and th^s the perfect cell is formed. According to Mohl, the 
nucleus is at first retained in the centre of the cell by means of mucous 
threads, and afterwards becomes fixed to the sides. Occasionally, the 
nucleus becomes imbedded in a duplication of the cellrwall. This 
process of self-development, according to Ascherson, is similar to what 
takes place when oil is mingled with a mucilaginous or albuminous 
fluid, each minute molecule of oil becoming surrounded by a thin 
film of membrane. In this view the cell is originally of a more or less 
globular form, and all the varieties of shape afterwards seen are due 
to changes in the progress of growth. 

Barry affirms that a minute pellucid globule (hyaline), is first seen in 
the formative matter. This absorbs and assimilates new matter,enlarges 
and becomes granular, thus forming the cytoblast of Schleiden, after 
it has prepared a nucleolus for itself. The outer part of the cytoblast 
rises in the form of a membrane to produce a cell; another portion of 
it is concerned in the formation of the contents of the cell; and what 
is left of the cytoblast in the cell-wall becomes the nucleus of the cell. 
This nucleus (not the cytoblast of Schleiden) remaining on the cell- 
wall, is not absorbed, but becomes the source tvhence cytoblasts are 
formed. Thus, according to Barry, the substance of the larger body 
is not deposited around the smaller, but the smaller is ti’ansformed 
into the larger; the nucleolus becomes the cytoblast, and the cytoblast 
becomes a nucleated cell. 

As regards the development of cells from nuclei, the present state of 
our knowledge does not warrant us in stating more than that there is 
a protoplasm, or soft organizable matter, which is contained in cells, or 
in the spaces between them ; that in this matter a nucleus is produced, 
either around previously existing nucleoli, or from the granules of the 
protoplasm ; and that the nucleus has the power of developing new 
cells, which become nucleated, increase in size, and escape from the 
parent cell, by rupture or absorption. In the production of young cells, 
the nucleus of the parent cell sometimes divides into two, each part 
having the power of giving rise to a new cell. There is thus a constant 
multiplication of cells by an intra-cellular or endogenous (tulot, within, 
and ycuiieiuii, to generate) process. 

23. It is supposed by some that cells may arise without a nucleus, 
by the simple aggregation of granular matter, which becomes enve¬ 
loped in a membrane, and thus forms a cell with granular contents. 
In such cells, a body similar to a nucleus may be afterwards formed, 
and may assume the function of the cytoblast of Schleiden, as far as 
the subsequent endogenous development of new cells is concerned. 
Some physiologists maintain that the cytoblast is never concerned in 
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cytogenesis, but only takes part in the various chemical and other 
changes which occur in the contents of the cell during its growth and 
nutrition, Mohl and Henfrey state that new cells are produced by the 
division of the primordial utricle (f 14), which gradually folds inwards 
about the middle, forming an annular constriction, and ultimately a 
complete separation of the utricle into two parts. Each of these after¬ 
wards becomes covered by a permanent cell-wall. Henfrey has sup¬ 
ported this view by observations made on the hairs of Tradescantia 
and of Achimenes grandifiora, in which he has traced the gradual 
formation of a septum. 

24. Naegeli maintains that new cells are produced by the division 
of the primordial utricle, or mucilaginous sac, as he calls it, and its 
contents into two or four portions, each of which encloses a free nu¬ 
cleus. From each of these portions, a cell, with its outer layer of 
cellulose, originates, while the parent cell becomes dissolved and dis¬ 
appears. The outer layer'of the new cells is formed, according to him, 
round, and by the separate portion of the divided utricle. The mode 
of division he does not explain. This view does not appear to differ 
much- from that adopted by Unger, who traces in Algte the develop¬ 
ment of new cells, by a fosiparous (Jissits, split, and pario, I produce), 
or merismatic [pi^topis, division) separation of the old ones into four 
divisions, in the same way as occurs in pollen grains. In some of the 
most simple plants, multiplication takes place by a sort of sprouting of 
new cells from old ones, like buds from a stalk. 

25. The various theories of cell-development may be therefore re¬ 
duced to the following: 1. The Endogenous formation, within a 
parent cell; 2. The Exogenous, without, or on the outside of the 
cell; 3. Merismatic, or by division of cells; 4. Isolated, or the 
mdependent formation of cells in a protoplasm. Cells are also formed 
by what has been called Conjugation, or by the union of two cells, 
which by their mutual action give origin to a third. This is par¬ 
ticularly seen in some of the lower Algsc.* 

26. The formation of c.ellsfrom nuclei, and their fissiparous division, 
are by some attributed to different electrical currents excited by the 
chemical actions going on in the cell. Cells are produced with great 
rapidity, especially in the case of fungi. From an approximative 
calculation, it is found that in Bovista gigantea 20,000 new 
cells are formed every minute. Ward has noticed a similar occur- 

• For a foil view of the subject of the development and growth of cells, the following works 
may be consulted t^ScIileiden on Phytogenesis, and Mohl on the Structure of the Vegetable 
Cell, tran^ted in Taylor’s Scientific Memoirs, Vols. II. and IV.; Naegch on Vegetable Cells, 
Ray Swiety’s Reports, 1846; Sharpey, Anatomy; M. Banw, Physlologv ol Cells, Ac., In Philo- 
•ophlc^ Transactions, IB40; and on Nucleus of Cells, In Jamesoa'a New Philosophical Journal 
for September, 1847; Carpenter’s Phyaiology; Braun on the Phenomenon of Rejuvenescence Is 
Katuiie, Hay Society's Reports, 1863. 
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rence ia Phallus impudicus. In warm climates, at the commencement 
of the wet season, the production of cells in the higher classes of plants 
proceeds with astonishing rapidity. 

27. The organized cells of plants appear to be the more immediate 
seats of the various changes which constitute the functions of nutri¬ 
tion and reproduction. In cellular plants they are the only form of 
elementary tissue produced throughout the whole of life. They 
absorb nourishment through their walls, elaborate secretions, and give 
rise to new individuals. In the newly-formed tissue of vascular 
plants, cells alone at first exist. Fluid matters are absorbed by them, 
and arc transmitted from cell to cell by a process of transudation. The 
name of Endosmose (hiov, inwards, fca, I seek), and Exosmose 

outwards), were given by Dutrochet to the process of transuda¬ 
tion, which leads to the motions of fluids of different densities placed 
on opposite sides of animal and vegetable membranes. This process 
appears to be of universal occurrence in plants, being concerned in 
the movements of the sap, the opening of seed-vessels, and many 
other phenomena. The capsule of the Elaterium, for instance, opens 
with great force by a process of endosmose going on in the cells, and 
such is also the case with that of the Balsam. The power which 
cells possess of absorbing fluids is well seen in sea-weeds, which, after 
being dried can easily be made to assume their natural appearance 
by immersion in fluids. It is also observable in the spores of the 
Equisetum, the teeth of Mosses, the seed-vessels of some Fig-mari¬ 
golds, the Rose of Jericho (Anastatica), and some Lycopodiums. 

Various organic secretions, which are necessary for growth and 
nourishment, are formed by the internal membrane of cells. It is in 
cells that the azotised and unazotised matters are deposited, which 
are afterwards applied to the purposes of vegetable life. In them 
we meet with the proteine compounds, albumen, fibrine, and caseine, 
consisting of carbon, oxygen, hydrogen, and nitrogen, with proportions 
of sulphur and phosphorus; as well as starch, gum, sugar, oil, and 
colouring matters, in which no nitrogen occurs. Some of the organic 
matters found in plants have been artificially formed by chemical 
means, while others have only as j'et been met with in the living 
organism. Spiral cells sometimes contain air. 

SECTION II.—VASCULAR TISSUE. 

1.—Foeu and Abbanobuent of Vessels. 

28. Tascniar UmAe, or Angietichyma (tJyyo;, a vessel), consists of 
tubes, whose length greatly exceeds their breadth. These may be 
formed of membrane only, or of membrane altered in various ways 
by deposits of fibre, or thickening matter in the interior. 
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29. WooAr VibK. or Ugneou* Timae, Pleurenchyma {rT^tu^i, a rib, 
from its firmness), (fig. 44,) consists of tubes, or, according to some, 
elongated cells, of a fusiform { fuaus, a spindle) or spindle-like shape 
(fig. 3), having their walls thickened so as to give great firmness. 
This form of tissue does not exist in cellular plants. Some have called 
this tissue Prosenchyma (tjoV, close to, in reference to the close appo¬ 
sition of the tubes), a term, however, generally applied to 
shortened fusiform cells only. Pleurenohymatous vessels 
lie close together, overlap each other, and, by their union, 
give strength and solidity to the plant. Their membrane 
becomes thickened by successive deposits of layers of cellu¬ 
lose and sclerogen, and in a transverse section the tubes 
present the appearance of concentric circles, occasionally 
with intervals, where the ligneous matter is deficient (fig. 
45). The wood of trees is made up of fibres or tubes of 
this kind, and \hey are found in the inner bark, and in the 
veins of leaves. The woody fibres may be separated fixnn 
the cellular parts of plants by maceration. In this way 
Flax and Hemp are procured, as well as the Bast used for 
mats. The strength of the woody fibres of different plants 
varies. Thus, New Zealand Flax, the produce of Phor- 
mium tenax, is superior in tenacity to Common Hemp; 
while the latter, in its turn, excels Common Flax, as well as 
Pita Flax, which is the produce of Agave americana. Linen 
is formed from woody tissue. Cotton, on the other hand, 
consists of elongated cells or hairs, the membrane of which 
becomes contracted in the process of drying, so as to appear 
twisted when viewed under the microscope'. By this character 
mummy cloth was shown to be composed of linen. Woody 
fibres, in fabric, form muslin, lace, &c., (some tine Indian 
muslins only are formed from woody fibre; other muslins 
are made of cotton;) when reduced to small fragments, 

they constitute the pulp whence paper is made. 

30. In its ordinary form, Pleiuenchyma has no definite markings 
on its walls; but in some instances these present themselves in the form 
of simple discs (fig. 46), or of discs with smaller circles in the centre 
(fig. 47.) The latter occurs in the wood of Firs, Pines, and Winter’s 
bark, and has received the name of glandular or punctated woody 
tissue. These markings are formed by concave depressions on the 
outside of the walls of contiguous tubes, which are closely applied to 
each other, forming lenticular cavities between the vessels, like two 
watch-glasses in apposition, and when viewed by transmitted light 
they appear like discs (fig. 46.) In the centre of the depression 



f]g. Woody fibres (Pleurenchpmn), from Clematis Vitalba. 
Fig. 4lK.^Iransver8e section of the same. 
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there is a canal, often funnel-shaped, and the 
part of the tube corresponding to it being thus 
thinner than the surrounding texture, gives the 
aspect of a smaller circle in the centre (fig. 47). 

When a thin section is made through two parallel 
lines of punctations, the slits or fissures are seen 
which give rise to the appearances mentioned (fig. 

48). That these marl'ings are cavities between 
the fibres was proved by Quekett in the case of 
fossil pine wood, where he separated lenticular 
masses of solid matter from the discs. There is 
sometimes observed a thickening layer, in the form 
of a spiral fibre, surrounding the discs more or less completely, 
discs are usually arranged in single rows, but they occur also 
in double and triple rows, more particularly in Araucaria , i 
and Altingia,—the markings alternating with each other. ■ 

31. Fibro-va»cui«r TUsne, or Tradimchyma {trachea, 

windpipe; rough), is formed of membranous tubes 

tapering at each end, less firm than Pleurenchyma, and 
either having a fibre coiled up spirally in their interior, or 
having the membrane marked with rings, bars, or dots, 
arranged in a more or less spiral form. 

32. Trae liipirai Tenei«, (spiroidea, trachew), constituting R w 
the typical form, present themselves as elongated tubes 
clustered together, overlapping each other at their conical 
extremities, and having a spiral fibre or fibres surrounding 
the interior of the cylinder (fig. 49). Their outer mem¬ 
brane is thin, and consists of pure cellulose. At the point 
where they overlap, it is sometimes absorbed, so as to dlow 
direct communication between the vessels. The fibre or 
spiral filament is generally single, forming simple trachecB 
(fig. 50); but sometimes numerous fibres, varying from 
two to more than twenty, are united together, assuming the 
aspect af a broad ribband (fig. 51), and constituting Pleio- 
tracheee (a-Ae<us, more). The fibre is elastic, and can be 
unrolled. This can be seen by taking the leaf of a Pelar¬ 
gonium, and after making a superficial cut round the stalk, pulling 
the parts gently asunder, when the fibres will appear like the threads 
of a cobweb. 

33. Spiral vessels were first noticed as early as 1661, by Henshaw 



Fig. 4G.—Woody fibres wJtli circular spots where the merabrono is thin (BignonM). 

Fitr. 47 —Punctntetl woody tissue, with double circles or discs, from common Scotch fir. 
tig. 48,—I^ntitudlnal section of the same, showing the union between tho fibres and the mode 
111 wlilch tho circles are formed. 

Fig. 49 —Two spiral vessels united. 

Fig. &0.—Simple trachea. 

Fig. 61.—Spiral vessel with a ribband of united fibres (Pl^otrachea) from the Banana. 

B 2 
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ITiey occur principally in the higher classes of plants, and are well seen 
in annual shoots, as in Asparagus; in the stems of Bananas and Plan¬ 
tains, where the fibres may be pulled out in handfuls, and used as tin¬ 
der; in many aquatics, as Nelumbium and Nymphtea; and in Liliaceous 
plants. In hard woody stems, they are principally found in the sheath 
surrounding the pith, and they are traced 
from it into the leaves. They are rarely 
found in the wood, bark, or pith. Spiral 
vessels occasionally exhibit a branched 
appearance. This may arise from the 
union of separate vessels in an angular or 
jointed manner, as where a leaf or branch 
is given off (fig. 52 a a), or it may depend 
on a regular division of the fibre.s, as is seen 
in the Mistleto, Long-leek, and Gourd (fig. 
53). 

34. The fibre is on the inside of the mem¬ 
brane. Quekett has shown this in silici- 
fied spiral vessels, where the mark of the 
spiral was on the outside of the mineral matter filling the tube. The 
fibre usually turns from left to right, if we suppose the observer placed 
in the axis of the tube (fig. 54), or from right to left, if we suppose 
him looking at the vessel in its natural position. The fibre retains its 
direction throughout the length of the vessel. When examined under 
the microscope, there is often the appearance of the crossing of fibres 
i.fig. 54), in consequence of the transparency of the mem- 
2 brane, and the observer seeing the fibre on each side of the 
vessel at the same time. In twining plants, the direction 
of the fibre does not always correspond with that of the 
stem. The coils of the spiral fibre may be close together 
(fig. 50), or be separated (fig. 65). Sometimes they become 
united together, and to the membrane of the tube, so that 
they cannot be unrolled. Such vessels are called do&td 
“ trachesB, or dosed ducts, and arc seen in ferns. 

35. Faiw vt SpinrionB TrAciicn, the ducts of Some authors, are ves¬ 
sels in which the internal fibre does not form a complete spiral coil. 
The chief varieties are annidar, reticulated, and scalariform vessels, or 
ducts. In annular vessels (annulus, a ring), the fibres form complete 
rings round the tubes (fig. 56). They resemble the trachea; of ani¬ 
mals more than spiral vessels do. The rings are by no means regular; 
they may be horizontal or inclined, simple, or forked (fig. 57), placed 
near to each other or separated by considerable intervals, the inter- 



Fig 61—^iral resscla, united so as to hare a branched appearance. 

Fig. 63.—Branching ilbre, from sj>iral vessels of Gourd (Cticurbita Pfpo)» 
Fig. 64.—Spiral veaaela. Ckiila aoea on both sides. 

Fig. 65.—Coils of fibre, much separated In trachea of Gourd. 
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mediate spaces being sometimes occupied by a fibre of an elongated 
spiral form, which is continuous with the rings ot distinct from them 
(fig. 58). All these forms are easily recognized in the common Bal¬ 
sam. Occasionally, the ring becomes very much thickened in a direc¬ 
tion perpendicidar to the walls of the vessel, so as to leave only a 
small space ii) the centre, as in some of the Cactus tribe. When 
separate fibres cross each other, forming a kind of net-work on the 
walls of the tubes (fig. 59), the vessels become reticulated {reticulum, a 
net); and the name dotted is sometimes applied when the fibre is so 
broken up as to leave small isolated portions adhering to the membrane 
(fig. 60). In scalariform vessels {scala, a ladder), there are short 
horizontal lines or bars, composed of fibre, arranged along the sides 
of the tubes, at nearly equal distances, like the steps of a ladder, and 
presenting a striated appearance. In some cases, as in the Vine (fig. 



61), they are composed of tubes united to each other by thin, broad, 
oblique extremities; at other times they taper like spiral vessels. They 
generally assume a prismatic form, the angles being unmarked by 
lines, as is seen in Ferns (fig. 62). 

36. Porona Teswia.—Another kind of vessel common in plants is the 
porous vessel, so called from the appearance of pores on its surface. 


FIps. 5R, 57, 58 —Annular vessels from the stem of the Common Balsam. 
Fjk. 59.—spiral vessel. Wide coil, and fibre dividing. 

Fir. 60 —Vessel showing rings of fibre iind dote. 

Fir. 61 —Scalariform vcmcI from the Vine.. 

Fig. 62 —Friamutic bcaluiiform vessel frjin Boyal Fern iOtmtmda re^aiU), 
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The tissue formed by porous vessels has received the came of Vasiform 
timtit, Pitted tissue, Bothrenckyma, or Taphrenchyma (fioSpo; or 
a pit). The vessels are of large size, and are easily observed in the 
Vine (fig. 63), Sugar Cane, Bamboo, Gourd (fig. 98 ter), and other 
plants, in which the sap circulates rapidly They consist of cylinders 
more or less elongated, in which the thickening matter is so deposited 
as to leave part of the membrane uncovered, thus giving rise to the 
porous or pitted appearance. The uncovered portions of membrane are 
sometimes absorbed in old vessels, and a direct com¬ 
munication is established between them. The pores 
have sometimes a bordered aspect, which, according 
to Schleiden, depends on air contained in the cavities 
between contiguous vessels. Porous vessels are usually 
united to each other by a broad and often oblique 
septum. 

37. This kind of vessel occa¬ 
sionally presents a beaded appear¬ 
ance, as if formed by porous cells, 
with distinct con.strictions at their 
point of union (figs. 64, 65). This 
articulated Bothrenchyma is by 
some considered as a form of cel¬ 
lular tissue (^^ 10, fig. 22). To 
vessels exhibiting contractions of 
thiskind, whether spiral or porous, 
the terms moniUform (monile, a 
necklace), or vemj/brw (wemts, a 
worm), have been a][^ied; and the tissue composed of spiral, annular, 
or porous moniliform vessels, has been denominated pHehmdal {ipTiitI/, 
a vein). 

38. X^aUciferana reaaela form the tissue called Cinenchyma (xiriu, I 
move, from certain movements of their contents, to be afterwards 
notio^). They are the Milk-vessels, and the Proper vessels of old 
authors; and of late years they have been particularly examined and 
described by Schultz. They consist of long, branched, homogeneous 
tubes, having a diameter of about of an inch, which unite or 
anastomose freely (fig. 66), thus resembling the vessels of animals. 
At first the tubes are very slender and uniformly cylindrical (fig. 67 
d), but afterwards they enlarge and present irregular distensions at 
diflferent parts of their course (figs. 67 b, 68), so as to give rise to an 
articulated appearance. Their walls vary in thickness, and are not 




Fig. 63.—Porou8 vessel (BoVtrenchyma) from tlie Vine, showing Us connection with woody 
fibres, and the broad septa or partitions of the vessel Itself. 

Fig. 64.—Porous vessel from Traveller’s Joy (Clemattsytlalbo). 

Bg. 6d.—MoniUibrm porous vessels from the Cooudod Bals«tnu 
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marked by any depressions or fibres, lliese vessels are met with in 
the inner bark, and they contain a granular fluid called latex, which 
is at first transparent, but often becomes of a white, yellow, or reddish 
colour. Endlicher and Unger state that they are formed by cells 
united in a linear series, their septa being obliterated; while Meyen 
and Schleiden maintain, that at a very early period the currents of 
latex may be seen in the intercellular can^s, and that ultimately a 


a 
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separate membrance is developed to form the vessels. The tissue can 
be easily examined in the India-rubber tree, in Dandelion, Lettuce, 
and Cel^dine, and in various species of Ficus and Euphorbia. 

2.—Development and Fonctions of Vessels. 

39. The simple cell is the state in which vegetable tissue first makes 
its appearance. It is the primary form of all the textures subsequently 
produced in vascular plants. To the elongation of cells, and the depo¬ 
sition of thickening layers and fibres in their interior, the various ves¬ 
sels owe their origin. Thus when cells are developed as continuous 
branching tubes, which- anastomose freely, Cinenchyma is formed; 
when they are elongated, as spindle-shaped tubes, and their walls are 
tMckened and hardened by depositions of ligneous matter, they give 
rise to Pleurenchyma; and when elongated membranous tubes are 
strengthened by spiral fibres, the different kinds of Fibre-vascular tissue 
are produced. The spiral vessel may be considered as the type of the 
last-mentioned tissue, and all its varieties may be traced to changes 

Flff. 66.—Laticiferous vewels (Oahenchpma) from Euphorbia dulcis. 

Figs. 67,68.—Vosseto of I^tex from Colwdine (CAeMontum 



22 


FtJNCnONS OF VESSELS. 


taking place in the development of the fibre. The coil may be broken 
in consequence of the fibre adhering to the membrane, and the latter 
increasing rapidly in growth; or the fibre may be deposited irregularly, 
in consequence of interruptions in growth. This view of the formation 
of vessels is confirmed by finding in the same tube a complete spiral 
fibre in one part, annular fibres, either complete or with their ends 
overlapping, at another, and bars or dots at a third portion. In the 
case of some vessels, their formation can be distinctly traced to cells 
placed end to end, the partitions between which have been absorbed. 
The monUiform or beaded appearance often presented by the different 
kinds of vessels, more especially the Porous, plainly indicates this mode 
of formation. 

40. As in cells, so in vessels, the walls are composed of cellulose, 
and there are usually no visible perforations; the communication be¬ 
tween them taking place by imbibition or endosmose. In some instances, 
when vessels are closely applied to each other, especially when they 
overlap, the membrane becomes absorbed, and direct communication 
takes place. This has been seen in spiral and porous vessels. The pits 
or depressions on the walls of vessels, and the thinning of the tissue 
at particular points, appear to serve the purpose of allowing the rapid 
transmission of fluids; and, according to some, they permit the passage 
of small cells from the interior, which become developed as tubes, and 
form branching vessels. 

41. Pleurenchyma, in its early state, contains fluids, and conveys 
them from one part of the plant to another. In the jyogress of growth, 
the secondary deposits obliterate the vessels, as in the perfect or heart 
wood of ordinary trees. These deposits are often of a very hard 
nature, and assume particular colours in different kinds of trees. 
From the firmness of this tissue, it is well fitted to give solidity to 
the stems and to strengthen the leaves of plants. In Spiral vessels, 
the fibre adds to their elasticity, and keeps the tubes always pervious. 
The fibre, when once formed, does not increase much in thickness, and 
the secondary deposits do not obliterate the canal. Various opinions 
have prevailed regarding the contents of these vessels. The name 
Tracheal, given by Grew and others, was partly from their structure, 
and partly from the idea that they contained air. I'he accurate ex¬ 
periments of Bischoff lead to the conclusion that the perfect spiral 
vessels convey air, which often contains a large amount of oxygen in 
its composition. Hales showed that air was evolved from the vessels 
of the Vine when cut, and Decandolle thought that part of the am in 
these vessels was derived from the pores of the leaves. Other authors 
look upon these ve.ssels as conveying fluids, while a third set maintain 
that both air and fluids are present, the air being derived in part from 
decompositions going on in the interior of the plant. The other kinds 
of vascular tissue, and especially the porous vessels, are the means 
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by which the fluids taken up by the roots of plants are conveyed to 
the leaves, and to all parts of the plants. Laticiferous vessels contain, 
according to Schultz, the elaborated sap or latex on its return from 
the leaves to the bark. This latex is either transparent or opague, 
colourless or coloured. These vessels, when examined with the micro¬ 
scope in the living plant, exhibit movements in their fluid contents of 
a peculiar kind, which will be considered under Cyclosis. (p. 134) 

42. The cell has been already shown to be the type of all the tissues 
of plants, and to be the basis of all vegetable structure. It is of equal 
importance as regards function. In the lowest plants, as the Protococ¬ 
cus nivalis, or the Alga found in red snow, and the various species of 
Palmella, Nostoc, and Hsematococcus, cells constitute the whole sub¬ 
stance, and perform all the functions of life; they absorb and assimi¬ 
late, thus performing the functions of nutrition and secretion, and they 
form new cells, thus reproducing individuals like themselves. When 
a more complex structure exists, as in the higher tribes of plants, 
certain cells are appropriated for absorption, others are concerned in 
assimilation, and others in forming and receiving secretions. When a 
certain degree of solidity appears to be required to support the stem, 
leaves, and flowers, ligneous matter is deposited, and woody fibre 
formed. When the ti’ansmission of fluids and air is carried on rapidly, 
the elastic fibres of the fibro-vascular tissue seem to keep the elongated 
cells and vessels pervious, and when the elaborated sap is conveyed 
continuously without interruption, anastomosing tubes occur in the 
form of laticiferous vessels. . 

Tabclab Absangement or- Vegetable Tissues. 

A—Cellular Tissue (Parenchyma), composed of membrane, or of menihi ane and fibre, 
hai-ing the form of vesicles whose length does not greatly e.vcecd their 
breadth. 

1. Membranous Cellular Tis-sue; cells formed by membrane alone, of various thick¬ 

ness, but without markings on it 

2. Porous Cellular Tissue; cells formed by membrane, which has been unequally 

thickened in such a way as to leave rounded depressions at regular in¬ 
tervals. 

3. Fibrous Cellular Tissue (dnencht-ma); cells formed by membrane and fibre; 

ooco.sionallv fonned by hbre alone. 

a. Spiral Cells, wdth a complete spiral fibre inside. 

b. Dotted Cells, with opaque spots, which are isolated portions of fibre. 

B.—Vascular or Tubular Tissue (.Angieuchyma), composed of cylindrical tubes, which 
are more or less continuous, and usually overlap each other, or are united 
by broad oblique extremities. 

I. Membranous Vascular Tissue; tubes formed by membrane alone, of various 
thickness, but without markings on it. 

1. Ligneous Tissue (Pleurenchyma), composed of fusiform tubes with thickened 

walla. 

2. Laticiferous Tissue (Cinenchyma), composed of tubes which anastomose, often 

present irregular dilatations, and convey a peculiar fiuid, called Latex. 
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IL Porous Vascular Tissue; tubes formed by membrane^ which becomes thickened 
by spiral deposits, in such a way as to leave rounded depressions at re¬ 
gular intervals. 

1, Vasifonn Tissue, or Porous vessels (Bothrenchyma or Taphrenchyma); large 

tubes, usually ending in brood extremities, with pits or drciilar markings^^ 
on their walls. This tissue sometimes exhibits contractionB at regula?* 
intervals, as if formed of porous cells laid end to end, and then is called 
Monilifonn, or Beaded (Articulated Bothrenclivma). 

2. Punctated Tissue (Glandular Woody Tissue); fusiform woody tubes, with 

depressions and markings on their walls^ presenting the a]>pcaraiice eitlier 
of a single or double circular disc.* 

III. Fibre-Vascular Tissue, composed of tubes in which the thickening matter is 
deposited in the form of spiral fibres, nngs, bars, or dots, 
o. Perfect Fibro-Vascular Tissue, composed of tubes, in which there is a com¬ 
plete spiral fibre. 

1. Spiral Vessels (Trachea?, Trachench^ma), in which the spiral fibre is elastic, 

and may be unrolled. 

2. Closed Spiral vessels, or closed Tracheae, in vliich the spiral fibre is brittle, 

or its coils so united to each other, and to the membrane, that they cannot 
be unrolled. 

b. Imperfect Fibro-Vascular Tissue, composed of tubes marked by rings, lines, 
or dots, but without a complete fibre inside. 

1. Annular Vessels or Ducts, hairing fibres in the form of detached rings, 

which are occa-rionallj^ united by portions of fibre. 

2. Reticulated Vessels, hanng fibres which cross each other, or are disposed 

80 irregularly as to form a net-work. 

3. Scalariform Vessels, having tlieir wails marked by isolated portions of fibre, 

in the form of ladder-like bars. 

4. Dotted Vessels, having their walls marked by isolated portions of fibre in 

the form of opaque dots or points. 

Any of the .vessels included under the Fibre-vascular tissue, may exhibit contrac¬ 
tions at regular intervals, so as to become monilifonn. 


^ CHAPTER II. 

COMPOUND ORGANS FORMED BY THE TISSUES. 

43. Some plants consbt of cells only, which continue throughout 
life to produce new cells, and to perform all the vital functions. The 
great mass of flowering plants, however, although originally cellular, 
produce organs composed of cells and vessels variously arranged, and 
covered by an epidermis. These compound Organs may be divided 
into Nutritive, or those concerned in the nourishment of the plant; 
and Rqtroduetive, or those which are employed in the production of 
new individuals. The former consist of the stem, root, and leaves; 
the latter, of the flower and fruit. 



0K6AN8 OF KUTEITION OR TROBTATIOir. 


25 


SECTION I—OEGANS OF NUTEITION OB VEGETATION. 

1.— Stbccture, Aebanoejient, and Special Funchoss. 

44. Under tWs head will be considered the tissues of which the 
various nutritive organs are composed, the mode in which the parts 
are arranged, and the particular function which each of the organs 
performs. 

GENERAL INTEaU.MENT. 

45. ctcnerai integnment is the name given to the external cellular 
covering of plants. It can be 
easily detached from young 
leaves and stems, usually in 
the form of a colourless trans- 
parent membrane. By pro¬ 
longed maceration it has been 
shown to consist frequently of 
two layers ; a superficial, called 
Cuticle or rellicle (fig. 69 p p), 
and a deep layer, usually called ^ 
the Epidermis (fig. 69 e e). 

46. The Snperflclnl Pellicle 
(pellis, skin) is a very thin con¬ 
tinuous membrane, which is 
spread over all p&rts except the 
openings of the stomata ; in some 
cases entering these openings, 
and hning the cavities beneath 
them. It is formed from the epidermal cells below 
it; Treviranus, Schleidcn, and Payen, considering 
it as a secretion on the outside of the cells, while 
Mohl and Ilenfrey look upon it as composed of the 
altered primary walls of the cells. Mitscherlich 
regards it as a corky substance which preserves 
the humidity of the plant, by preventing the 
evaporation of moisture. This substance is con¬ 
sidered by him to be an important constituent 
of the cell-wall. In fig. 70 the pellicle is repre¬ 
sented as detached from the leaf of the cab¬ 
bage, forming a sheath over the hairs, hhk/i, 
and leaving slits, ss, corresponding to the open¬ 
ings of th« stomata. The pellicle is perhaps 
similar to the intercellular substance surround- 

Ftg. e9.-General Integument of a leaf of Iris gennanlca. PF. Tlio„Cnticnlar peUI^ with 
sllts^/, lyiQB upon the proper epidennia, ««, formed^of hexagonal cells, ana funuanoa wiiu 

Pellicle of Cabbage, detached by maceration, coTexing theh»*rs. hhhht and haring 
openlfigsi $ I, corresponding to the stomata. 

C 
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iug cells, and to the d^miu mucus which is conspicuous in some sea- 
w^s (fig. 29 &). “ It is possible that this matter, in place of 
bebg produced on the outside of cells, may be formed within 
them, and ultimately deposited externally by passing through their 
parietes. On the inner surface of the pellicle the impressions of 
the epidermal cells are sometimes observed (fig. 69 p). The pellicle 
is the only layer of integument which is present in aquatic plants, 
and in some of the lower tribes. 

47. The Epiderniii (eiri, upon, and skin), (fig. 69 e €), is ex¬ 

tended over all the parts of plants exposed to the air, except the 
stipna. The internal cavities of seed-bearing organs are lined by a 
delicate membrane, termed Epithelium. On the extremities of newiy- 
tbrraed roots, the integument consists of loose cells, which are consi¬ 
dered either as being the ordinary cellular tissue of the plant, or as 
being an imperfectly-formed epidermis, which has received tlie name 
of Epibkma (e«-l, upon, and w'ound, as being the tissue which 

first covers wounds). This latter kind of tissue occupies the place of 
the epidermis, in the parts of plants which are always under water. 
On the aerial roots of Orchidaceous plants, there is an epidermal 
layer consisting of spiral cells (fig. 23), containing air. 

48. The epidermis is usually formed by a layer or layers of com¬ 
pressed cells, which assume a more 
or less flattened* tabular shape, 
and have their walls bounded by 
straight or by flexuous lines. Fig. 
69 e e, represents an epidermis 
formed of regular hexagonal cells; 
fig. 72, one composed of irregular 
hexagons; while in fig. 71, the 
boundaries of the cells, e, are flexu¬ 
ous and wavy. The cells of the epi¬ 
dermis are so intimately united 
together, as to leave no intercellu¬ 
lar spaces (fig. 74 e e). 

49. The epidermis is sometimes 
thin and soft, at other times dense 
and hard. In the former case it 
may be easily detached from the 
subjacent cells; in the latter, the cells become thickened by deposits, 
and sometimes the layers are so produced as to leave uncovered spots, 
which communicate with the interior of the cell by canals passing 
through the thickening layers, as in Cycas. In Eochea falcata (fig. 
78), the epidermis, e e, consists of two layers of cells—the outer ones 

Fli^. 71.>~£pidcrm)8, from lower tiuface of tbe leef d Madder {Rubia tiwiorum) . e, Cell of ttie 
Kpidcimla Stoma. 
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large, the inner amall. The cells of epidermis are usually filled with 
colourless fluid, but they sometimes contain resinous and other sub¬ 
stances. Waxy matter is occasionally found in the epidermis, silica is 



met with in the integument of grasses and Equisetums, and carbonate 
of lime in that of Ghana. The colour of the epidermis generally de¬ 
pends on that of the subjacent parenchymatous cells, from which it can' 
be separated as a colourless layer. The epidermal cells are usually 
larger than those of the tissue below them; but sometimes, for instance 
in Ficus elastica, they are smaller. 

30. stoninm {crofict, a mouth) are openings existing between some 
of the cells of the epidermis on parts exposed to the air. They consist 
usually of two semilunar cells surrounding an oval slit or orifice (figs. 
69 s s, 71 s), which have been considered as resembling the lips and 
the orifice of the mouth. Stomata open or close according to the state 
of moisture or dryness in the atmosphere,—these changes depend¬ 
ing on the hygroscopic chai-acter of the cells. By examining, under 
the microscojie, thin strips of epidermis in a moist and dry state, 
it will bo seen that in the former case the lips are distended, they 
assume a crescentic or arched form, and leave a marked opening 
between them; while in the latter they collapse, approach each 
other, and close the orifice. 

51. The cells surrounding the openings of stomat.'i are some¬ 
times numerous, as in Marchantia. In Ceratopteris thalictroides, 
Allman observed stomata formed by three cells; two of which, in 
their open condition, are crescentic and concave inside, while the third 
surrounds them, except at a small space at the end of the long axis of 
the stoma, and has on this account been called peristomatic (a-tfl. 
around). In Equisetum, the stomata, which are about of an inch 
in their greatest diameter, consist of four pieces; two of which are 


Fig. 72.—Epidermal layer, from upper surface of a leaf of Aontmeultu oowafilw when growing 
out of water, e e. Epidermal cells, isst, Stomata. 

Fig. 73 —Vertical section of lower epidermis of the leaf'of liocfua/okata. e «, Double spider* 
mal layer, with very large external ceils, small tntenial onee, pierced by a stoooa, s, which com* 
municatea with a lacuna, L p, Farencbyma of the leaf 
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arched and thick at their outer convex margin, becoming thin at their 
inner concave edge, where two other bodies occur, having numerous 
processes like the teeth of a comb, hence called pectinate (peden, a 
comb). Occasionalljr the stomatic cells become united, so as to appear 
in the form of an uninterrupted rim; and at other times the stoma is 
a minute orifice in the walls of a cavity. 

52. Stomata communicate with intercellular spaces (figs. 73 spHi s), 

the connection being sometimes kept up by means of a funnel-shaped 
prolongation of the cuticle, called, by Gasparrini, a cistoma a 

cyst or bag, and atifttt, a mouth). They are scattered over the surface 
of the epidermis in a variable manner. Sometimes they are placed at 
regular intervals corresponding to the union of the epidermal cells 
(fig. 69 s); at other times th§y are scattered without any apparent 
order (figs. 71, 72); and in other instances they are united in sets of 
two or three, or in clusters at particular points, as may be seen in 
Begonia, Saxifrage (fig. 75 s s), and Proteacem. 

53. Stomata occur on the green parts of plants, especially on the 
leaves and their appendages. They are not usually found in cellular 
plants, nor in plants always submerged, nor in pale parasites. This is 
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not, however, a universal rule, for stomata have been detected in 
Marchantia and some other Cellulares; also in the submerged leaves 
of Erioeaulon setacenm, according to Griffith, and in the pale parasite 
Orobanche Eryngii, according to Duchartre. They do not exist in 
roots, nor in plants kept long in darkness so as to be blanched or etio¬ 
lated, and they are rare or imperfectly developed in succident plants. 


Fig. 7A—Vertical section of cpldcnnls, from the lower surface of the leaf of Madder showlne 
the intimate union of the epidermal cells, « «. the loose suhjacent parenchyma. ». with Intercel. 
Inhu- canals^^m. and lacuna, I. i. Stoma. ^ 

Fig. 74.r-Eplderml5 of leaf of Saxlfraga earmentona, showing clusters of stomata, 11 surrounded 
by large ^dermal cells, e a The ceils among which the stomata occur are reiy smalT 
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54. Stomata vary in their form. 

The oval form is very common, and 
may be easily seen in Liliaceous 
plants; the spherical occurs in On- 
cidium altissimum and the Prim¬ 
rose, the quadrangular in Yucca 
and Agave. In the Oleander, in 
place of stomata, there are cavities 
in the epidermis protected by hairs 
(fig. 76 s). 

55. The development of stomata has been traced by Mirbel and 
Mold. In the Hyacinthus orientalis, they appear first between the 
epidermal cells in the form of quadrangular spaces containing granular 
matter, which gradually collects towards the centre, where a septum 
or partition is formed. This septum ultimately splits, leaving a slit 
or opening which constitutes the stoma. Mohl has traced this process 
throughout the same leaf in dififerent stages of growth. In Mar- 
chantia, Mirbel found several tiers of cells forming the stoma, and he 
supposed that the opening was produced by the absorption of a cen¬ 
tral cell, leaving the others to form the rim or border. 

56. The number of stomata varies in different parts of plants. They 
are most abundant on the under surface of leaves exposed to the air, 
and are often entirely wanting on the upper surface, more especially 
when it has a dense shining cuticle. In floating leaves the stomata, 
when present, are on the upper surface only. When plants usually 
under water are made to grow for some time in the air, their leaves 
exhibit stomata. 'Wlien leaves grow vertically, the stomata are often 
equal in number on both sides. The number of stomata varies from 
a few hundreds to many thousands on a surface of one inch square. 
'J'he following table exhibits the number of stomata in the leaves of a 
few plants:— 



STOMATA IN ONE INCH SQUAKE. 


Upper side. 

Mistleto. 200 

Tradescantia, . 2,000 

Kheum palniatum, . 1,000 

Cnnum amabile. 20,000 

Aloe,. 25,000 

Clove-pink, . 38,500 

Yucca, . 40,000 

Mezereon,. None. 

. None. 


Under side. 

200 

2,000 

40,000 

20,000 

20,000 

38,500 

40,000 

4,000 

13,000 


Fig. 74.—Vertical section of lower opldennis of the leaf of flVWam OJtttnder. Epidermis 
composed of aeveralloyera of cells, p, Parenchyma of the leaf a, Cavity flUcdwithhalia which 
may repreaent a atoma. 
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EPIDBBMAI, APPEHftAOKB.—HAIE8. 


Upper dde. Under ildfc 


Vine,.... None. . 13,600. 

Holly, . None. 63,600 

Cherry-laurel, .. None. . 90,000 

Lilac, . Few. 160,000 


57. Appeadagea of the Eptdcrmla, or Appendlcnlnr Organa.— 

The epidermis frequentlyexhibits projections or papillse on its surface, 
in consequence of some cells being enlarged in an outward direction 
(fig. 73 e e). When these assume an elongated or conical form they 
constitute Itairs (pili or villi), as seen in (fig. 77 h h K). 

naira, then, are composed of one or more transparent delicate cells 
proceeding from the epidermis, and covered with the cuticle (fig. 70). 
They are erect (fig. 78 a), or oblique, or they lie parallel to the sur¬ 
face, and are appressed. Sometimes they are formed of a single cell, 
which is simple and undivided (fig. 78 a), or forked (fig. 78 h), or 
branched (fig. 78 c); at other times they are composed of many cells 
either placed end to end, as in nioniliform or neck-laoe-like hairs (fig. 
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79), or united together laterally, and gradually forming a cone, as in 
compound hairs (fig. 80), or branched (fig. 81). When several hairs 
proceed from a common centre, they become stellate (steUa, a star), 
or radiated (fig. 82). The latter arrangement occurs in the hairs of 
the Mallow tribe, and is well seen in those of Deutzia soabra. Whqp 
stellate hairs are placed closely together, so as to form a sort of mem- 

Fiff. 77.—Ttranc root of Madder, showing cellular processes, hhh^ equivalent to hairs, t, Th® 
epidermal celLs which are not elongated. 

Fig. 78.—Hairs formed by single cells of the epJdermla, e. o, Simple hair, &, Bifurcated hair 
of Sleyrabrium Sophia c, Branched hair of Arahis alpina. 

iilga. t»- 82 .-Compoand hairs formed by the union of seiverai ceils. «, Epidermis, 79. MonilW 
km hair, from Lycbni®cbalcedODica. 
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branoti8 expansion (fig. 83), a scale or scuj/is produced. _ To sucb ex¬ 
pansions of the epidermis the name lepis a scale), is applied, and 
the surface is said to be lepMote. These scales have sometimes abeau- 




tiful silvery appearance, as in Elseagmis. Surrounding the base of 
the leaves of Ferns, a brown chaffy substance occurs, consisting of 
elongated cells, to which the name of 
ramentacemis hairs, or, ramenta (ramen- 
tum, a shaving), has been given. In 
Palms also a similar substance occurs, 
called reticulum (reticulum, a net), or 
mattulla,' (matta, a mat). Prickles 
or aculei, as in the Pose (fig. 191 a), 
are hardened hairs connected with the 
epidermis, and differ from spines or 
thorns, which have a deeper origin. 

Seta: are bristles or stiff hairs, and the 
surfaces on which they occur are said 
to be setose or setaceous. Some hairs, as those of Drosera, or sundew, 
have one or more spiral fibres in their interior. 

58. Various names have been given to the different forms of hairs: 
they are clavate or club-shaped (clava, a club), gradually expanding 
from the base to their apex ; capitate, having a distinct rotmded head ; 
rough or scabrous, with slight projections on their surface ; hooked or 
uncinate (uncus, a hook), with a hook at their apex pointing down¬ 
wards and to one side ; barbed or glocMdiate (y?v«x<«» a barb), with 
two or more hooks around the apex; shield-like or peltate (peUa, a 
buckler), when attached by their middle, and projecting horizontally 



Fig. 80 —Partitioned, nnbronched hair, from stem of Bryonia alba 81. Partitioned, branched 
hair, from dower of Nicandra anomaia. 82 Stellate oi star-like hair, from leuJ uf Ailliaea n»ea. 
Fig. 83,—Scale or scaly from leaf of Hlppopliaa rhamnoide*. 
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BPIDBMIAI. ATPISDAGES.—HAIRS. 


on ether side (fig. 84), as in many cruciferous plants; ciliated {eUium, 
an eye-lash), when surrounding the 
margin of leaves. On the pod of 
the Co witch ( Mucvnapruriens),hairs 
are produced with projections on 
their surface, which cause great ir¬ 
ritation when applied to the skin. In Venus’ Fly-trap (Dioncea 
mvscipula), stiflF hairs exist on the blades of the leaf (fig. 186 «), which, 
when touched, cause their closure. 

59. Hairs occur on various parts of plants; as the stem, leaves, 
flowers, seed-vessels and seeds, and even in the interior- of vessels. 
Cotton is the hair surrounding the seeds of Gossypium herbaceum. 
Hairs are developed occasionally to a great extent on plants exposed to 
elevated temperatures, as well as on those growing on lofty mountains. 
When occurring on the organs of reproduction, they seem to be con¬ 
nected with fertilization, as the hairs on the style of Goldfussia or 
Buellia, and the retractile hairs of Campanula. Difierent parts of 
plants are transformed into hairs; as may be seen in the flowering 
stalks of Rhus Cotinus, and in the calyx of Composite. 

60. Names are given to the surfaces of plants according to the 
presence or absence of hairs, as well as the nature of the hairs which 
cover them. The following are the more important terms:— Glabrous, 
smooth, having no hairs; hairy (pilosus), furnished with hairs; 
pubescent, covered with soft, short, downy hairs; villous, having long, 
weak, often oblique hairs; sericeous, covered with long, closely ap- 
pressed hairs, having a silky lustre; hispid (hispidus, hirtus); covered 
with long stiff hairs not appressed; hirsute, having long tolerably dis¬ 
tinct hairs, not stiff nor appressed; velvety, (velutiiius), with a dense 
covering of short down, like velvet; tomentose, covered with crisp, 
rather rigid, entangled hairs like cotton, which form a sort of felt 
(tomentum); woolly, with long curled and matted hairs like wool; 
bearded or siupose, (o-tvitu, tow), when hairs occur in small tufts. 

61. The hairs which are most frequently met with in plants are 
called lymphatic, from their not being connected with any peculiar 
secretion. Those, on the other hand, which have secreting cells at 
their base or apex, are denominated glandular, and are not to be dis¬ 
tinguished from glands, under which therefore they will be considered. 
Lymphatic hairs occur on parts exposed to the air, and are wanting 
in blanched plants. On young roots, cellular projections of the cuticle 
are seen (fig. 77), which may be crdled radical hairs. Young leaves 
and buds are frequently thickly covered with protecting hairs. In 
this instance the hairs arise chiefly from the veins; and as the leaves 
increase in size, and the veins are separated, the hairs become scattered, 

rig. 84.—Peltate hair of Malpiglila, p p, arlalog from epidermis, e, p, Tlie gtaDd which com- 
mnnlcstea with the hair. 
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and apparently less abundant. On the parts of the flower, coloured 
hairs occur which have been called corolline. 

62. Ciiand* are collections of cells forming secretions. The term 
has been vaguely applied to all excrescences occurring on the surfaces 
of plants. They are either stalked (petiolate, stipitate) or not stalked 
(sessile). The former a e o ^ 

may be called glandular 
hairs, having the secret- 
ing cells at the apex. 

Stalked glands, or glan¬ 
dular hairs, are either 
composed of a single 
cell, with a dilatation at 
the apex (fig. 85 a), or 
of several cells united 
together, the upper one 
being the secreting or¬ 
gan (fig. 85 b). In place 
of a single terminating 
secreting cell, there are occasionally two (fig. 85 c) or more (fig. 85 d). 
Hairs sometimes serve as ducts through which the 
secretion of glands is discharged; these are glandular 
hairs, with the secreting cells at the base. Such hairs 
are seen in the nettle (fig. 86), in Loasa or Chili 
nettle, and in Malpighia (fig. 84), and are commonly 
called stings. In the nettle they are formed of a 
single conical cell, dilated at its base (fig. 86 b), and closed 
at first at the apex, by a small globular button placed 
obliquely (fig. 86 s). This button breaks off on the 
shghtest touch, when the sharp extremity of the hair 
enters the skin, and pours into the wound the irritating 
fluid which has been pressed out from the elastic epider¬ 
mal cells at the base. When a nettle is grasped with 
violence, the sting is fractured, and hence no injury is 
done to the skin. The globular apex of glandular hairs 
sometimes forms a viscid secretion, as in the Chinese 
primrose and sundew. The hairs of the latter plant, by 
this secretion, detain insects which happen to alight on 
them. 


F!ff 85.—Glandular hairs. €, Epidermis, a, Hair formed by a single coll from Sisymbrium 
chflcnae. 6, Hun's formed of several cells terminated by a secreting cell, from flower-stalk of 
Antirrhinum mujua. c, Hair comiiosed of several ceils, terminated by two secreting cells united 
laterally, ft'om flower-stalk of Lysntiachla vulgaris, rf, Compound hair, tcrmluated by several 
secreting cells united end to end, from Geuiu ui banum. 

Fig 8n.—Conical hair of Uitica diolca, or common nettle, ending In a button or swellings, 
•with a dilatation or bulb at ita base 6, which is Buiroundod by epidermal cell* « In the hair 
are currenta of granular matter//, 
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68 . When glands are sessile, Aey consist of epidermal cells either 
surrounding a cavity, or enclosing small secreting cells. In fig. 87, 
is represented a gland taken from the flower-stalk of Dictamnus 
albus, cut vertically, to show the cavity surrounded by cells, and filled 
with a greenish oil; while in fig. 88, there is a gland with a short 
thick stalk, full of cells, taken from Rosa centi- 
folia. These figures show the transition from 
sessile to stalked glands. Some of the super¬ 
ficial cells of the epidermis are sometimes slightly 
elevated above the rest, and contain peculiar 
fluids. In the Ice-plant, the appearance of 
small pieces of ice on the surface is produced 
by cells containing a clear fluid, which is said to 
have an alkaline reaction, while that of the tis¬ 
sue around the vesicles is acid; in the Chick¬ 
pea, similar superficial cells contain a subacid fluid. Glandular depres¬ 
sions or pits occur, surrounded by secreting cells. At the base of the 
petals of the Crown-imperial, for instance, cavities are seen containing 
a honey-like fluid, secreted by what are called nectariferous glands. 
Cavities containing saccharine matter, surrounded by small thin-walled 
cells, are met with in the leaves of Acacia longifolia, also in Vibur¬ 
num Tinus, and Clerodendron fragrans. The cavities communicate 
with the surface of the leaves by means of canals. 

Glands are occasionally sunk in the epidermis, so as merely to have 
the apex projecting ; at other times they lie below the epidermal cells, 
as in the Myrtle, Orange, St. John’s-wort, and Rue. 
In the latter case they are sometimes called vesicular, 
and are formed by cells surrounding cavities contain¬ 
ing oil (fig. 89). When they occur in the leaves, 
they give rise, when viewed by transmitted light, to 
the appearance of transparent points or dots. Ver¬ 
ruca, or warts, are collections of thickened cells on 
the surface of plants, assuming a rounded form, and 
containing starch or other matters. Lenticels, or Lenticular glands, are 
cellular projections on the surface of the bark, arising from its inner 
part. 

64. The Special FnactionB of the Epidermis and its appendages, 
are to protect the parts beneath from various atmospheric and meteoro¬ 
logical influences. In plants growing in dry climates, the epidermis 


\i 
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flff. 87.—Gland from flower-stalk of Dictamnus albus. cut vertically, showing central cavity 
lUlea with greenhh cil, and sun-ounded by a layer of cells c, which contain ared juice, and axe 
connected with the epidennl* e. 

Fig 88—Gland fjom Kosa centlfolia c, The epidermiu. 

Fig. 89.—Vesicular gland from iiuta graveolena, or Common Bne. g. Gland formed by large 
tranimarent cells, surrouiidlnga central lacuna, L e, Epldcrmie from upper surface of the leaf 
«t c, c, Cells fllied with Chlorophylie. 
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is often very thick, and coated with a waxy secretion, to prevent too 
great transpiration or exudation of fluids. In those which inhabit 
humid places, the epidermis is thin and absorbent; while in submerged 
aquatics, there is no proper epidermal covering. The stomata regulate 
the transpiration, opening and closing according to the state of humid¬ 
ity and dryness of the atmosphere surrounding them. When a plant 
is growing vigorously, the constant passage of fluids keeps the regu¬ 
lating cells around the stomata in a distended state, and thus opens 
the orifice; whereas, when the circulation is languid and the fluids are 
exhausted, the cells collapse and close the opening. The opinion that 
the succulency of plants is a sort of dropsical condition, caused by the 
absence o£ stomata to carry off the fluids, has not been confirmed by 
observation. Hairs, according to their structure, serve various pur¬ 
poses. Lymphatic hairs protect the surface, and regulate evaporation. 
Plants thickly covered with hairs, as VerbascumThapsus, have been 
known to resist well an extended period of drought. Glandular hairs, 
and glands in general, form secretions which are employed in the 
economy of vegetation, or are thrown off as excretions no longer fitted 
for the use of the plant itself. Many of these secretions constitute 
important articles of materia medica, Lenticels keep up a connection 
between the air and the inner bark, and probably perform the func¬ 
tion of stomata in the advanced period of the growth of the plant. 
They are considered, by Decandolle and others, as being the points 
where young roots are produced in certain circumstances, and on that 
account they have been called Rhizogens (pifa, a root, and yivuiuh to 
produce). They are conspicuous in Willows, the young branches of 
which form roots very readily when placed in moist soil. Some hairs 
occurring on the style of plants are called collecting hairs, from the 
functions which they perform in taking up the pollen. In the species 
of Campanula, these hairs are so formed, that after the pollen has been 
discharged, their upper part is drawn within the lower. In many 
hairs a circulation of fluids takes place, connected apjiarently with 
their nutrition and development (fig. 8G). In the moniliform purple 
hairs on the stamens of Tradescantia, or Spiderwort, this movement 
may be easily seen under the microscope. The subject of the circula¬ 
tion in hairs will be considered under Rotation (p. 139'. 

STEM OR ASCENDIliO AXIS. 

Form of Stem. 

65. The stem is that part of a plant which bears the leaves and 
flowers. It receives the name of Caulis in ordinary herbaceous plants 
which do not form a woody stem, Truncus in trees, Caudex in shrubs. 
Culm in grasses, and Stipe in Palms and Ferns. It is not always con- 
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spicuous. Plants with a distinct stem are called catdescmt; tiioie in 
which it is inconspicuous are acaules. Some plants are truly stem¬ 
less, and consist only of expansions of cellular tissue, called a Tkallus, 
and hence are denominated ThaUogms, or Thallophytes (tixxos, a frond, 
to produce, a plant). They have no true vascular sys¬ 
tem, but are composed of cells of various sizes, which sometimes assume 
an elongated tubular form, as in Chara. The cells are sometimes 
united in one or several rows, forming simple filaments, as in Con¬ 
ferva ; or branched and interlaced filaments, as in some Fungi; or 
membranous expansions, as in Lichens and sea-weeds. 

66. Stems have usually considerable firmness and solidity, but 
sometimes they are weak, and either lie prostrate on the grgund, thus 
becoming p7vcumbent, or climb on plants and rocks by means df suckers 
like the Ivy, being then called scandsnt, or twist round other plants in 
a spiral manner like Woodbine, becoming volubile. Twining plants turn 
either from right to left, as the French bean, Convolvulus, Passion¬ 
flower, and Dodder; or from left to right, as Honeysuckle, Hop, and 
Tamus. Bryony tendrils twine from right to left, and left to right, 
alternately. In warm climates, twining plants [lianas) often form 
thick woody stems; while in temperate regions they are generally 
herbaceous. Exceptions, however, occur in the case of the Clematis, 
Honeysuckle, and Vine, the woody stems of which have received the 
name of Sarmentum {sarmentum, a twig, or cutting of a vine). Some 
stems are developed more in diameter than in height, and present a 
peculiar shortened and thickened aspect, as Testudinaxia, or Tortoise- 
plant, and Cyclamen. 

67. Stems have a provision for a symmetrical arrangement of leaves 
and branches,— (nodtts, a knot), or points whence leaf-buds are 
produced, being placed at regular intervals. No such provision occurs 
in roots which ramily irregularly, according to the nature of the soil. 
The intervals between nodes are called internodes. The-raode in which 
branches come from the nodes, gives rise to various forms of trees, 
such as pyramidal, spreading, or weeping; the angles formed with 
the stem being more or less acute or oblique. In the Italian Poplei 
and Cypress the branches are erect, ibrilaing acute angles with the 
upper part of the stem; in the Oak and Cedar they are spreading or 
patent, forming ncaply a right angle; in the weeping Ash and Elm 
they come off at an oblique angle; while in the weeping Willow and 
Birch, they are pendulous from their flexibility. The comparative 
length of the upper and under branches, also gives rise to differences 
in the contour of trees, as seen in the conical form of Spruce, and the 
umbrella-like form of the Italian Pine (Finns Pinea). 

68. Plants which form permanent woody stems above ground, are 
denominated trees and shrubs, while those in which the stems die 
down to the ground, and are not persistent, are called Iterbs. The 
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term tree {arbor) is applied to those plants which have woody stem* 
many times exceeding the height of a man, the lower part free from 
branches being the trunk: a shrub {frutex) has a stem about three 
times taller than a man, and branches from near the base: an uncler- 
shrvb {suffndex) does not exceed the length of the arm; while a bush 
[dumus) is a low- diminutive shrub, with numerous branches near the 
base. The terms arborescent, fruticose, suffruticose, and dumose, are 
derived from these. 

69. Stems have usually a round form; but they are sometimes com¬ 
pressed or flattened laterally, while at other times they are angular: 
being triangular, with three angles and three flat faces; trigonous 
(rje/f, three, and ymia, an angle), with three convex faces; triquetrous 
{triquetrum, a triangle), with three concave faces; quadrangular, or 
square; quinquangular, or five-angled; octangular, or eight-angled, &c. 

70. The stem has been called the ascending axis, from being developed 
in an upward direction. It does not, however, always ascend into the 
air; and hence stems have been divided into aerial, or stems which 
appear wholly or partially above ground; and subterranean, or those 
which are entirely under ground. The latter are often called roots, 
but they are distinguished by producing leaf-buds at regular intervals. 
The following are some of the more important modifications of stems:— 
The Crown ^ the root is a shortened stem, often partially under ground, 
which remains in some plants after the leaves, branches, and flower- 
stalks have withered. In this case the intemodes are very short, and 
the nodes are crowded together, so that the plant appears to be stem¬ 
less. It is seen in perennial 
plants, the leaves of which die 
down to the ground annually. A 
Rhizome or root-stock (fig. 90), 
is a stem which runs along the 
surface of the ground, being 
partially covered by the soil, 
sending out roots from its lower 
side, and leaf-buds from its up¬ 
per. It occurs in Ferns, Iris, 

Hedychium, &c. By many the 
term rhizome is applied to stems creeping horizontally, whether they 
are altogether or only partially subterranean, A Pseudo-bulb is an 
enlarged bulbous-like aerial stem, common in Orchidaceoiis plants. It 
is succulent, often contains numerous spiral cells and vessels, and is 
covered with a thick epidermis. In the Kohl-rabi, a peculiar thickened 
tumip-like stem is met with. A Soboles is a creeping under-ground 

Fig. 90.—Portion of Rhizome, r, tsi ConyallorU Polygonetnm. o, A bnd In the progrem of de¬ 
velopment 6, A bud developed as a branch at the extremity of the rhizome, c c, Cicatricea or 
scars. indlcatiuK the edtoation of old branches which have decayed. 
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Stem, sending roots from one part and leaf-buds from another, as in 
Couch grass, Carex arenaria, and Scirpus lacustris (fig. 91). It is 
oAen called a creeping root A Tuher is a thickened stem produced 



by the approximation of the nodes and the swelling of the internodes, 
as in the potato (fig. 92 t). Tubers are sometimes aerial, occupying 
the place of branches, more especially when the potato has been made 
to grow in darkness. The eyes of the potato are leaf-buds. The 
ordinary herbaceous stem of the potato, 
when cut into slips and planted, sometimes 
' III forms branches from its base which assume 

I j|^| the form of tubers. These tubers occa- 

^.sionally become noduLated, or elongated, 

I il or curved in various ways. Arrow-root is 

l i i\^ derived from the scaly tubers of Maranta 

arundinacea. A Corm is a solid under- 
ground stem which does not spread by 
M mf '' '! sending out shoots, but remains of a rounded 

m S' '' f/ form, and is covered by thin scales on the 

W ■' ' M outside (fig. 93). It occurs in Colchicum, 

Tulip, Crocus, and Gladiolus. It is distin- 
guished from a root by sending off annually 
buds in the form of small corms or thick- 
ened branches, either from the apex as in 


Fig 91. -Soliolea, or Creeping eiibterrsoean stem, r, of Sdrpns lacnstrls. Scaleson the 

•tern p a, Aertel portion of the plant 11, Level of the earth. 

Fi^.Lower i^rtion of a potato plant t», Leveil of earth, pa, pa, Aerial portion bearlDK 
leaves, t Sahterranean portion of stem or tubers. Tuber showing eyes or leaf>buds, covered 
by scales, 6, whl<* are equivalent to leaves. 

Fig. 9Z,—Cotta or under^groond stem of Colchicom autumnale. r, Roots /, Leaf tf', Ascend¬ 
ing axis of preceding year, withered, a", Axis of the year, Point where axis of next year 
A’ooid be formed. 
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Gladiolus, or from the side as Colchicum (fig. 93 a"). These buds 
feed on the original corm a', and destroy it. It will be noticed after¬ 
wards, when leaf-buds and bulbs are considered. 


Internal Structure of Stems. 

71. Stems, according to their structure, have been divided into 
three classes :—Exogenous outward, and yesnit^v, to produce), 

when the bundles of vascular tissue are produced regularly in succes¬ 
sion "extem^y, and go on increasing indefinitely in an outward direc¬ 
tion. Endogenous (hlov, within), when the bundles of vascular tissue 
are produced in definite bundles and converge towards the interior, 
additions being thus in the first instance made internally. Acrogenous 
summit), when the vascular bundles are developed at the same 
time and not in succession, the addition to the stem depending on the 
union of the base of the leaves and extension of the growing point or 
summit. The plants which exhibit these three kinds of stem, are 
distinguished also by the structure of their embryo. Thus e.xogenous 
stems are met with in plants having an embryo or germ which has two 
cotyledons or seed-lobes, hence they are called Dicotyledonous (lig, 
twice, and hotuXmSwj/, a seed-lobe); plants with endogenous stems 
have only one cotyledon, and are called Monoeotyledonous one); 

while plants with acrogenous stems have no cotyledons, and are called 
Acotyledonous («, privative). The terms connected with the embiyo 
will be afterwards fully explained. 


Exogenous or Dicotyledonous Stem. 

72. The Exogenous or Dicotyledonous stem characterizes the trees 
of this country. It consists a r n a n 

of a cellular and vascular 
system ; the former includ¬ 
ing the outer bark, medul¬ 
lary rays, and pith; the 
latter, the inner bark, woody 
layers, andmedullary sheath. 

In the early stage of growth, 
the young dicotyledonous 
stem is entirely cellular; 
but ere long fusiform tubes 
appear, forming bundles, having the appearance of wedges (fig. 94 



Kg. M.—Tonng Dicotyledonous or Exogenone stem, ic u, Vascnlar bnndles In the fonn of 
w^ges. p, Pith, rrr. Medullary rayi. 

Kg. 86.—Same stem farther odvanced; the lettere ae In flg. 94, «n n, new Taecular wedgee 
Inteipoeed between those dret formed. 
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wv>) arranged in a circle round a central cellular mass of pith (fig. 04 p\ 
which is connected to the outer part or bark, by means of cellular pro¬ 
cesses called medullary rays (fig. 94 r r r). At first, the cellular portion 
is large,—the pith, baii, and rays occupying a large portion of 
the stem; but by degrees new vascular bundles ai-e formed, which 
are deposited between the previous ones (fig. 95 nnn). By this 
means the pith is more circumscribed, the medullary rays become 
narrow, and the bark more defined. Such is the structure presented 
by an annual herbaceous dicotyledonous stem, consistiijg of pith, a 
circle of fibro-vascular and woody tissue, medullary rays, barkj and 
epidermis. 

73. The stems of trees and shrubs in their young state exhibit an 
arrangement similar to thafrepresented as occurring in the herbaceous 
stem (fig. 95), with this difference, that the vascular circle is more 


firm and solid. As ligneous stems continue to grow, further changes 
take place by which their diameter is increased, and they are rendered 
more dense. The shoots or young branches given out annually, how¬ 
ever, are similar in structure to annual herbaceous stems; and in 
making successive sections from the apex of a branch, which is succu¬ 
lent and green, to the base of a trunk, which is comparatively dry and 
hard, the various changes which take place can be easily traced. 
Fig. 96 represents a thin horizontal or transverse section of the upper 
part of a young branch of Acer campestrc. In the centre, m, is the 
pith, very large at this period of growth, and occupying at least one- 
half of the whole diameter, its cells diminishing in size as they approach 
the circumference. Immediately surrounding the pith is a layer of a 
^ greenish hue, the medullary sheath, 

n € JH, from which themedullary rays 
in r m, proceed towards the circum- 
ference, dividing the vascular circle 
^ numerous compact segments, 

vessels,/*, 

^“'^o^P°™«s'’essels,t);). These are 
surrounded by a moist layer ol 
^ greenish cellular tissue, c, called 
^ cambium layer, which is co- 

veredbythree layersof bark,/c, «c, 
and p, with laticilerous vessels, v I, 
the whole being enclosed by the 
epidermis, ep. On making a thin 
vertKol section of a portion of the same branch, and viewing it under 


?yoimg stem of Acer cMBpcslrc, nw#riilflcd twenty.*)* aiametere 
^ Pith. <tn,cm, M^nllaty sheath, Woody hunUlca. r n. PorouevcsBoIa rm,Medul- 

)«7 ray*, c, Umbhmi. /c, Fibre* of tndophlamm. oLatii.fcron* reS. Tc tSS 
eoYelope, Meeophlffiuin, p. Corky enyelopc, EpiiiUBum. ep, EplOormla. *c.ceuular 
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the microscope, the parts composing the different portions hecome'more 
obvious (fig. 97 a). The 
pith, m, with its hexagonal 
cells decreasing in size out¬ 
wards, surrounded by a nar¬ 
row fibro-vascular zone; the 
medullary sheath, consisting 
chiefly of spiral vessels, t ; 
the medullary ray, r m ; the 
vascular zone, consisting 
of porous vessels, v p, of 
large diameter, and forming 
the large round apertures 
seen in a transverse section ; 
the woody fibres, f I, with 
their thick walls and smaller apertures ; the inner bark or liber, yc, 
with the layer of cambium cells, c; the second layer of bark, or the 
cellular envelope, e c, with the laticiferous vessels, v I; the outer or 
suberous layer of bark, p, with the thin layer of epidermis, e p, hav¬ 
ing hairs scattered over its surficc. A transverse section of a bundle 
of vascular tissue of a dicotyledonous plant, magnified 230 times, is 
represented in fig. 97 b. The arrow 
indicates the direction from within out¬ 
wards. We here perceive the vascular 
bundle surrounded by a large-celled 
tissue {a d h f). The quadrangular 
cells, a «, form the epidermis, to which 
succeeds the cellular tissue of the 
bark, h. The latter surrounds a 
bundle of bast fibres, e, and ligneous 
layers of inner bark, with laticiferous 
vessels, d d‘, which are separated in the 
direction towards the interior, by a 
layer of cambium cells, d", from the 
pro[)er vascular tissue, consisting of 
pitted vessels with thick walls, g g, aud '' 

others with thin walls, h It, mixed with woody tubes, e. 

74. Such is the structure of a young shoot during the first year of 
its growth. At the end of a second year the shoot is found to have 
increased in diameter by the formation of a zone of vessels consisting 
of porous and woody tissue, .and a zone of fibrous bark, the medullary 



Pig. 97 a -—Vertical section of tbe same stera more liighly magnified. (, Tracheee or spiral 
vesBeU f/,/?, Woody fibres. The otlier letters hb m fig. 9(> 
h'lg. 97 6.-—Ti’iinsversp section of a bundle of vascular tissue of a Dicotyledonous plant, a d, 
F.piderniis. 6, Large celled tissue of bark, c, Fibres of bast luvtr rf.tf'.Woodylayersandlati- 
citcrous vessels of inner bark, Cambium cells, and Large pitted vessels, e. Woody 
tubes. /, Large cells. 

c 2 
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rays being at the same time continued from within outwards. This is 
represented in fig. 98, where (1, 1) indicates the section of the stem 



of the first year’s growth (the letters referring to the same parts as in 
figs. 96, 97); and (2) shows the interposed zones of the second year, 
by which the diameter of the stem is increased. 

75. The piih, or the central part of a dicotyledonous stem, is com¬ 
posed of cellular tissue, which is developed in an upward direction, 
the cells diminishing in size towards the circumference, and being 
often hexagonal. In the young plant it occupies a large portion of 
the stem, and sends cellular processes outwards at regular intervals 
to join the medullary rays (figs. 94, 95, p). The pith has at first b 
greenish hue, and is full of fluid, but in process of time it becomes 
pale-coloured, dry, and full of air. These changes take place first in 
the central cells. Sometimes the pith is broken up into cavities, which 
have a regular arrangement, as in the Walnut and the Jessamine; it 
is then called discoid or disciform. [IIuko;, a disc, from the circular par¬ 
titions). At other times, by the rapid growth of the outer part of the 
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stem, the pith is ruptured irregularly, and forms large cavities, as in 
the fistular stem of Umbelliferous plants. Circumscribed cavities in 
the internal cellular portions of stems are by no means unfrequent, 
arising either from rupture or absorption of the cells. In some rare 
instances, vessels occur in pith, as in Elder, Pitcher-plant, and Ferula; 
and occasionally its cells are marked by pores indicating the formation 
of secondary deposits. The extent of pith varies in different plants, 
and in different parts of the same plant. In Ebony it is small, while 
lu Ilie Elder it is large. In the Simla plant, a species of jEschyno- 
niene, the interior of the stem is occupied almost entirely by cellular 
tissue or pith; from this a kind of rice-paper is made by cutting 
thin sections in a circular manner. The same kind of tissue occurs in 
the Papyrus of the Nile. Large pith is also seen in Aralia papyrifera, 
or Chinese Rice-paper plant. When the woody circle of the first year 
is completed, the pith remains stationary as regards its size, retaining 
its dimensions even in old trunks, and never becoming obliterated. 

76. The mcduUaiT ShcBih is the fibro-vascular layer immediately 
surrounding the pith. It forms the inner layer of the vascular bundle 
of the first year (lig. 97 t), and consists chiefly of true spiral vessels, 
which continue to exercise their functions during the life of the plant, 
and w'hicb extend into the leaves. With the spiral vessels there are a 
few woody fibres intermingled. The processes from the pith are pro¬ 
longed into the medullary rays between the vessels of the sheath. 

77. Woolly i/ayonr. During the first year, the vascular circle con¬ 
sists of an internal layer of spiral vc.ssels forming the medullary sheath, 
and external bundles of porous and ligneous vessels. In subsequent 
years the layer of spiral vessels is not repeated, but concentric zones 
of porous vessels (fig. 98 ter.'), and pleurenchyma are formed, consti¬ 
tuting what are commonly called the woody circles of trees. The 
vascular bundles, from their mode of development in an indefinite 
manner externally, have been called Exogenous; and, for the same 
reason, Schleiden has denominated them Indefinite. Exogenous plants 
have sometimes received the name of Cyclogens (xl/xXoe, a circle), 
in consequence of exhibiting concentric circles in their stems. On 
a transverse section, each zone or circle is usually seen to be separated 
from that next to it by a well-marked line of demarcation. This line, 
as in the Oak (figs. 99, 100), and in the Ash, is indicated by holes 
which are the openings of large porous vessels; the remainder of the 
tissue in the circle being formed by pleurenchyma, with thickened, 
walls and of smaller calibre. In some trees, as the Lime, Hornbeam, 
and Maple, the line is by no means so well marked, as the openings 
are smaller and more generally diffused; but there is usually a de¬ 
ficiency of porous vessels towards the outer part of the circle. In 
cone-bearing plants, as the Fir, in which the woody layers consist 
entii-ely of punctated woody tissue (fig. 47), without any large porous 
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rosels, the line of separation is marked by the pleurenchyma becou^g 

dense and often coloured. In some 
kinds of wood, as Sumach, the zones 
are separated by a marked develop¬ 
ment of cellular tissue. The separation 
between the zones is said to be owing 
to the interruption in the growth of the 
tree during autumn and winter, and 
hence it is well defined in trees of tem¬ 
perate and cold climates. But even in 
tropical trees, the lines, although often 
inconspicuous, are still visible; the dry 
season, during which many of them 
lose their leaves, being their season of 
repose. 

78. The woody layers vary in their texture at different periods. At 
first the vessels are pervious and full of fluid, but by degrees thicken¬ 
ing layers are deposited which contract their canal, and sometimes 

obliterate it. The first- 




formed layers are those 
which soonest become thus 
altered. In old trees, there 
is a marked division be¬ 
tween the central Heart- 
wood or Duramen (durua, 
hard), and the external 
Sap-wood or Alburnum 
(albus, white); the former 
being hard and dense, and 
often coloured, with its 


tubes dry and thickened; while the latter is less dense, is of a pale 


colour, and has its tubes permeable by fluids. The difference of colour 
between these two kinds of woods is often very visible. In the Ebony 
tree, the duramen or perfect-wood, is black, and is the part used for 
furniture, &o.; the alburnum is pale: in the Beech, the heart-wood 
is light-brown; in the Oak, deep-brown: in Judas tree, yellow; in 
Guaiacum, greenish. The alteration in eolour is frequent in tropical 


trees. In those of temperate climates, called white-wood, as the Willow 


Kg. 99.—Hoilfontal section of the stem of an oak clfflit yeaw old. ft, Wood, showing concen¬ 
tric circles or zones, separated by points which con esijona to tlie opening of the lai ge porous 
vessels, or Bothrenchyma. e. Bark, showing also eight concentric circles, thinner and less dis¬ 
tinct The wood and bark are traversed by mediUlai y rays, some of which extend from the bark 
to the pith, and others reach only n certain way inwards. 

Fig. 100.—Horizontal section of two woody bundles of Cork oak, Kparated from each other 
by the medullary ray, r m'. The two primal^ bundles are di>ided by seconds^ rays, r m", 
m'", r m'*’\ which vary in extent according to the period when they originated. «n, i’ith. e c, 
C^nlar envelope, Corky envelope, which U bigUy developed and eidUbiU ftever^ layers. 



BX0SEN0TJ8 SXEH.--WOOD. 


45 


aad Poplar, no change in colour takes place; this is also the case in 
the Chestnut and Bombax. The relative proportion of alburnum and 
duramen differs in different trees. Duhamel says that in the oak, six 
inches in diameter, the alburnum and duramen are of equal extent; 
in a trunk one foot in diameter, they are as two to seven; in a trunk 
two feet in diameter, as one to nine. The heart-wood is more useful 
than the sap-wood, and less liable to decay. The wood of different 
trees varies much in its durability. Pieces of wood, 2§ inches square, 
were buried to the depth of one inch in the ground, and decayed in 
the following order:—Lime, American Birch, Alder, and Aspen, in 
three years; Willow, Horse-chestnut, and Plane, in four years; Maple, 
Red Beech, and Birch, in five years; Elm, Ash, Hornbeam, and Lom¬ 
bardy Poplar, in seven years; Kobinia, Oak, Scotch Fir, Weymouth 
Pine, Silver Fir, were decayed to the depth of half an inch in seven 
years; while Larch, common Juniper, Virginian Juniper, and Arbor 
Vitae, were uninjured at the end of that time. 

79. From the mode in which the woody layers are formed, it is 
obvious that each vascular zone is moulded upon that which precedes 
it; and as in ordinary cases each woody circle is completed in the 
course of one year, it follows, that, by counting the concentric circles, 
the age of a tree may be ascertained. Thus fig. 99 represents an oak 
eight years old having eight woody layers, b. This computation can 
only be made in trees having marked separations between the circles. 
There arc, however, many sources of &llacy. In some instances, by 
interruption to growth, several circles may be formed in one year, and 
thus lead to an erroneous estimate. Care must be taken to have a 
complete section from the bark to the pith, for the circles sometimes 
vary in diameter at different parts of their course, and a great error 
might occur from taking only a few rings or circles, and then estimating 
for the whole diameter of the tree. When by the action of severe 
frost, and other causes, injury has been done to the tender cells from 
which the young wood is developed, while, at the same time, the tree 
continues to live, so as to form perfect woody layers in subsequent 
years, the date of the injury may be ascertained by counting the 
number of layers which intervene between the imperfectly formed 
circle and the bark. In 1800, a Juniper was cut down in the forest 
of Fountainbleau, exhibiting near its centre a layer which had been 
affected by frost, and which was covered by ninety-one woody layers, 
showing that this had taken place in the winter of 1709. Inscriptions 
made in the wood become covered, and may be detected in after years 
when a tree is cut down; so also wires or nails driven into the wood. 
As the same development of woody layers takes place in the branches 
as in the stem of an E.xogenous tree, the time when a branch was first 
given off may be computed by counting the circles on the stem and 
branch respectively. If there are fifty circles, for instance, in the trunk. 
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thirty in one branch, and ten in another, then the tree mnst have been 
twenty years old when it produced the first, and forty when it formed 
the oAer. 

80. In Exogenous stems the pith is not always in the centre. The 
layers of wood on one side of a tree m.ay be larger than those on the 
other, in consequence of more full exposure to light and air, or the 
nature of the nourishment conveyed, and thus the pith may become 
excentric. Zones vary in size in different kinds of trees, and at different 
periods of a plant’s life. Soft wooded trees have usually broad zones, 
and old trees form smaller zones than young ones. There are certain 
periods of a plant’s life when it seems to grow most vigorously, and to 
form the hu-gest zones. This is said to occur in the oak between twenty 
and thirty years of age. 

81. Cauibtum.—External to the woody layers, and between them 
and the bark, there is a layer of mucilaginous semifluid matter, which 
is particularly copious in spring, and to which the name of Cambium, 
(cambio. 1 change, from the alteiations that take place in it) has been 
given (figs. 96, 97 c). In thus subst.anec cells are formed, called 
cambium cells, of a delicate texture, in which the protoplasm and 
primary utricle arc cons])i(',uous. These c(‘lls undergo changes, so as 
to assume an elongated fusiform shape, and ultimately become thick¬ 
ened pleurenchyma. So long as the primary utricle can be detected, 
they appear to be in an active stite, and capable of developing new 
cells. This cambium layer marks the separation between the wood 
and the bark, and may be regarded as constituting the active forma¬ 
tive tissue of Dicotyledonous stems. It constitutes the thickening zone, 
by means of which the stem is enlarged—the cambium cells situated 
most internally being subservient to the purposes of the wood forma¬ 
tion, while the external ones give origin to the new bark. According 
to Schacht this is the proper nourishing tissue. 

82. Bark or Cortical {coi'iex, bark) Syrtem, lies external to the wood, 
and, like it, consists of several layers. In the early state it is entirely 
cellular, and is in every respect similar to the pith ; but, as the vascular 
bundles are developed, the bark and pith are separated, and the former 
gradually becomes altered by the formation of secondary deposits. 
The bark consists of a celkdar and vascular system. In this respect 
it resembles the wood, but the position and relative proportion of these 
two systems is reversed. In the bark the cellular system is external, 
and is much developed; while the vascular is internal, and occupies 
comparatively a small space. The cellular portion of the bark con¬ 
sists of an external layer, or Epiphlceum (It/, upon, on the outside, and 
^o/oy, bark), and the cellular envelope, or Mesophlceum {fteaof, middle; 
while the vascular system forms the internal portion called Liber, or 
Endophloeum (Lhy, within). 

83. The inner bark, or endophlceum (fig. 98 / c), is composed of 
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elongated pleurenchyma mixed with laticiferous vessels and some 
cellular tissue. It is separated from the wood by the cambium layer. 
The pleurenchymatous tubes are thickened by concentric deposits in 
their interior, and thus they acquire a great degree of tenacity. The 
liber of the Lmie tree and ol Aulians saccidora, the sack-tree of 
Coorg, are used to form mats, cordage, and bags; and the toughness 
of the fibres of the inner bark of flax, hemp, and of many of the nettle 
and mallow tribe, render them fit for various manufacturing purposes. 
The liber is sometimes called the hast- layer, from its uses. Occasionally 
it is continuous and uninterrupted, as in the Vine and Horse-chestnut; 
at other times, as in the Oak. Ash, and Lime, the fibres are separated 
during the progress of growth, and form a sort of net-work, in the 
interstices ol which the medullary rays are seen. The fibres of the 
lace-bark tree {Lagetta Untenria) are thus formed. 

In fig. 101, IS represented the bark of Daphne , .. 

Laureola; / indicating the woody fibres of liber, 'I'y, / ' ./ 

and r the medullary rays. The endophlocin in- Iff''h'’fy IJ 

creases by Layers on its inside, which are thin, Ij.) hL/ Jj'-u 

and may be separated like the leaves of a bonk, 'ft ■ 1;' 
and hence the apjtlication of the name liber. The "il 0 

term liber may be deiived from the fact of the^ j} ''-' r I 
inner bark being used for writing upon. I ' 

84. The cellular envelope, or mesopJdceum, lies ^ 
immediately on the outside of the liber. It con- 
sists of polyhedral, often prismatical cells (fig. 98 
bis, e c), usually having chlorophyll, or green Ch ■' ,>'/r)|r| 
colouring matter, in their interior, but sometimes t 
being colourless and containing raphides. They .g 
are distinguished from those of the epiphlceum by 
their form and direction, by their thicker walls, / r 
their green colour, and the intercellular spaces 
which occur among them. This covering is usually less developed 
than the outer suberous layer, but sometimes, as in the Larch and 


common Fir, it becomes very thick, and separates like the epi- 
phlceum. In the cellular envelope laticiferous vessels occur. 

85. The Epiphlceum is the outer covering of the bark, consisting of 
cells which usually assume a cubical or flattened tabular form (fig. 98 
bis, p). The cells have no chlorophyll in their interior, are placed 
close together, and are elongated in a horizontal direction ; and thus 
they are distinguished from the cells of mesophloeum. In the progress 
of growth they become often of a brown colour. This covering may 
be composed of a single layer of tabular cells; but in some trees it 
consists of numerous layers, forming the substance called cork, which 


Fig. lOL—Keiwork formed by liber of Deplmo Laxireola. //, Fibrous bundles, r r, Medullary 
rays. 
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is well seen in Querctis mher, the Cork-oak (fig. 100 p); hence the 
name suherous, or cor% layer, which is given to it. The form of its 
cells varies in some instances, being cubical at one part, and more 
compressed or tabular at another, thus giving rise to the appearance 
of separate layers. After a certain period (sometimes eight or nine 
years), the corky portion becomes dead, and is thrown oflF in the form 
of thickish plates, leaving a layer of tabular cells or 'periderm below. 
On the exterior of the epiphloeum is situated the epidermis, which has 
already been described (i( 47). It is formed of a layer ol cells, which 
in woody stems serve only a temporary purpose, becoming ultimately 
dry, and being thrown off in the form of plates or shreds, 

86. The bark, in its increase, follows an order exactly the reverse 
of that which occurs in the woody layers. Its three portions increase 
by additions to their inside. The layers of liber owe their increase to 
the cambium cells, which, by their constant reproduction, mark the 
separation between the vascular bundles of the wood, and the fibres 
of the endophloeum. These layers are often so compressed and united 
together as to be counted with difficulty, while at other times they are 
separated by rings of cellular tissue, and thus remain conspicuous. In 
the case of the cellular portions of the bark, there are also successive 
additions, sometimes to a great extent, but they do not usually exhibit 
any marked divisions. 

87. As the additions are made to the woody layers on the outside, 
and to the bark on the inside, there is a constant distension going on, 
by which the bark becomes compressed, its layers of liber are con¬ 
densed, the fibres are often separated so as to form meshes (as in the 
lace-bark), its epidermis is tlirown off, and the epiphloeum is either 
detached along with it, or, when thick, is ruptured in various ways, so 
as to give rise to the rugged appearance presented by such trees as the 
Elm and Cork-oak. In some instances the bark is very distensible, 
and its outer cellular covering is not much developed, so that the sur- 
fece remains smooth, as in the Beech. The outer suberous layer some¬ 
times separates with the epidermis, in thin plates or scales. In the 
Birch, these have a white and silvery aspect. There is thus a con¬ 
tinual destruction and separation of different portions of the bark. 
The cellular envelope and liber may remain while the epiphlccum 
separates, or they also may be gradually pushed off—the parts which 
were at first internal becoming external. In the case of some Australian 
trees, both the cellular and fibrous portions are detached in the form 
of thin flakes, and occasionally each annual layer of liber throws off 
that which preceded it. 'i'he epidermis separates early, and no re¬ 
newal of it takes place. There is, however, an internal covering, 
which is formed of various portions of the bark. To this covering 
the name Fet iderm (xfjj, aroimd, and skin) has been given by 
Mohl. 
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88. From the mode in which the outer layers of bark separate, it 
follows that inscriptions made on them, and not extending to the wood, 
gradually fall off and disappear. A nail driven into these layers ulti¬ 
mately fyis out. In consequence of the continued distension of an 
exogenous stem, it is found that woody twining plants cause injury, by 
interrupting the passage of their fluids. A spiral groove may thus be 
formed on the surface of the stem, by the compression exercised by a 
twining plant, such as honeysuckle. From what has been stated rela¬ 
tive to the changes which t^e place in the bark, it will be understood 
that it is often diflScult to count its annual layers, so as to estimate the 
age of the tree by means of them. Thb may, however, be done in 
some cases, as shown at fig. 99, where there are eight layers of bark, 
e, corresponding to eight woody layers, b. 

89. itfednliary Bay* or Plates. —While the bark and pith become 
gradually separated by the intervention of vascular bundles, the con¬ 
nection between them is kept up by means of processes called medul¬ 
lary rays (figs. 94, 95 r). These form the silver grain of carpenters; 
they communicate with the pith and the cellular envelope of the bark, 
and they consist of cellular tissue, which becomes compressed and flat¬ 
tened so as to assume a muriform appearance (tig.‘102 m r). At flist 



they occupy a large space (fig. 94 r); but as the vascular bundles in¬ 
crease, they become more and more narrow, forming thin laminee or 
plates, which separate the woody layers. On making a transverse or 
horizontal section of a woody stem, the medullary rays present the 

Ffg. 103.—Vertical section of a one-year old branch of Acer campestre highly matnifled, and 
extending from the pith to the barky parallel to tlie medullary raya wi r, A medullary ray or 
plate extending from the pith, p, to the bark, c e, crossing tracheie, t, woody fibres, ^ porotui 
Teasels, 6, and coitlcai fibres, c f. 

Fig. 103.—Vertical section of the same branch perpendicular to medullary rays, f ^ Woodf 
fibres which Interlace, leaving spaces, m r, m r, m r, where the medullary rays pas& 
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aspect of narrow lines running from the centre to the circumference 
(figs. 99, 100 r m); and in making a vertical section of a similar stem 
through one of the rays, the appearance represented in fig. 102 will 
he observed, where a medullary ray, m r, composed of flattened muri- 
fonn cells passes from the pith, p, to the cellular envelope, c e, crossing 
the trachese of the medullary sheath, t, the ligneous tissue, I, the porous 
vessels of the wood, h, and the fibres of the liber, c f. The laminss do 
not by any means preserve an uninterrupted course from the apex to 
the base of the tree. They are broken up by the intervention of 
woody fibres, as seen in a vertical section of a woody stem (fig. 103), 
perpendicular to the medullary rays m r, mr,mr, which are sepa¬ 
rated by interlacing woody fibres, 11. The medullary rays are usually 
continuous from the pith to the bark, additions being made to them 
as they proceed outwards. But, occasionally, secondary rays arise from 
the outer cells, which pass only to a certain depth between the vascular 
bundles,.as in the Cork-oak (fig. 100, r m'", r m," r m""). Medullary 
rays are conspicuous in the Cork-oak, Hazel, Beech, Ivy, Clematis, Vine. 
They are not so well marked in the Lime, Chestnut, Birch, Yew. 

Anomalies in the Structure of the Exogenous Stem. 

90. The stems of Dicotyledonous plants occasionally present ano¬ 
malous appearances in the structure and arrangement of their wood, 
bark, and medullary rays. In place of concentric circles, there are 
sonietimes only a few rows of wedge-shaped vascular bundles produaed 
during the life of the plant, additions being made by the interposition 
of bundles of a similar kind annually, vesembling in this respect the 
formation of woody bundles in the early growth of herbaceous plants 
(fig. 95). In the Pepper tribe, Aristolochiacese, and Menispermaoeae, 
these anomalous stems occur. In Gnetum (fig. 104), the Vascular 

bundles, b b b b b b b, form 
zones, which are each the pro¬ 
duce of several years’ growth, 
and are separated by layers, 
mill, which may be con¬ 
sidered as representing differ¬ 
ent zones of liber. 

In some of the Menisper- 
raum tribe, the separating 
layers are of a cellular and 
not of a fibrous nature. InBa- 
nisteria nigrescens (fig. 105), 
the young stem (1) presents a 

?lg. 104.—Horifontal section of stem of Gnetum. m. Pith. « m, Medullarf sheath, hb b 
6 6 6 6, WooOv hutidles forming seven concentric zones» each ^-which is the produce of sevei^ 
years. lllllU Fibres of liber forming inteiposcd drcics, e(}ual in number to tiie woody auues. 
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four-lobed surface; the lobes gradually deepen (2), and ultimately (3) 
the stem is divided into a nuirier of separate portions, the central one 
of which alone exhibits pith and medullary rays. The portions are 
separated by interposed cortical layers. 

Many of the Malpighiace®, Sapindacese, and Bignoniacese of Brazil, 
e^ibit stems in which the woody layers are arranged in a very 
irregular manner. In the stem of Calycanthus floridus, and of some 
Brazilian Sapindacese, such as Paullinia pinnata (fig. 106), Seqania 
tritemata and Belloviana, there is a central woody mass with from 
three to ten small secondary ones around it. Each of the masses con¬ 
tains true pith, apparently derived from the cortical cellular tissue, or 
from the origiaai medullary centre. Glaudichaud and Jussieu state 
that around these separate collections of pith, there is a medullary 
sheath and spiral vessels. No annual rings have been detected in 
the secondary masses, but medullary rays exist, usually in their outer 
portion (fig. 106). In these anomalous Sapindaceie, the cenyal and 
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lateral woody masses are enclosed in a common bark, with a continuous 
layer of liber. Some have supposed that the lateral masses are un¬ 
developed branches united together under the bark; but Treviranus 
considers them as connected ^ith the formation of lea%'es, and as de¬ 
pending on a peculiar tendency of the vascular bundles to be developed 
independently of each other round several centres. 

In some Bignoniacese (fig. 107), the layers of wood are divided in 

Fl 4 (. lOS.—Borizontal section of stem of Banisteria nigrescens at different agea 1 Stem 
presentiDg four superficial lobes. % Showing six deeper lobes, with intermediate divlsiona 8. 
2^e lobes separated by cellular tissue, the middle one ^ose Itoring pith and medullary sheath. 
The points indicate the orifices of porous ressels. 
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It cranial manner into four wedge-shaped portions by the interrention 
of pktes differing in texture from the ordinary wood of the plant, and 
probably formed by introversion, or growing inwards of the liber. In 
some Guayaquil Bignonias, Gaudichaud perceived first four of these 



plates, next eight, then sixteen, and finally thirty-two. In Aspido- 
sperma excelaum of Guiana, and in Heteropterys anomala (fig. 108), 
the stem assumes a peculiar lobed and sinuous aspect, and in some 
woody climbing plants, pressure causes the stems to become fiattened 
on the side next the tree on which they are supported, while from 
being twisted alternately in different directions, they present a remark¬ 
able zigzag form, having the woody layers developed only on one side 

• 

Flc(. 106.—Horizontal section of the stem of Panllinia plnnata, one of the Sapindnceie of Briusn, 
^oinag nmnorouii secondary woody masses, surrounding a central one. Each of the separate 
masses has pith, often excentric, with a medullary sheatn, cont^nlng spiral vessels, and a few 
xoedaUary rays chiefly towards the circumference of the stem. 

Fig. 107.—Horizontal section of the stem of Bignonia capreolata, blowing the crucial dSvisiou 
of the woody layers 

Fig. 108—Horizontal section of stem of Heteropterrs anomala, one of the Brazilian Mal- 
plghiacec, showing an irregularly lobed surface. The dots Indicate porous vessela 

Fig. 109.—Fragment of a stem of a climbing species of Banisterla (B. scandens) showing the 
effects of compr^ozu 
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(fig. 109). In lire the wood is occasionally produced in an oblique 
in place of a ^rpendicular aanner, thus injuring the timber, and 
causing it to split in an unusual way. The young plants produced 
from the seed of such twisted-wooded firs, are said to inherit the peou- 
lianty of their parents. 

Endogenous or Monocotgledonous Stem. 

91. Thb kind of stem is composed of cells and vessels whidi are 
difierently arranged fi'om those of the Exogenous stem. The vascular 
bundles are scattered through the cellular tissue, and there is no dis¬ 
tinction between pith, wood, or bark. There are no medullary rays, 
nor concentric circles (fig. 110). In the young state, the centre of 

the stem is occupied entirely by cells, which may 
be said to represent pith, and around this the 
vessels are seen increasing in number towards 
the circumference. The central cellular mass 
has no medullary sheafh. In some cases its cells 
are ruptured, and disappear during the progress 
of growth, leaving a hollow cavity (fig. 111); but 
in general it remains permanent, and is gradually 
encroached upon by the development of the 
vascular system. The latter consists of vessels 
arranged in definite bundles, which do not increase 
by additions to their outside after being once 
formed, although they are developed in a pro¬ 
gressive manner. Tliese bundles may be consi¬ 
dered as representing the vascular wedges, pro¬ 
duced during the first year of an exogenous 
stem’s growth (fig. 94). They consist of woody 
vessels enclosing some cellular tissue between 
them, with spird and porous vessels. The outer 
part of the stem is not formed by a separable bark, but consists of a 
dense mass of fibrous tissue, mixed with laticiferons vessels and cells. It is 
intimately connected to the inner part of the stem, without the inter- 
vCtition of medullary rays. 

92. On making a transverse section of a young endogenous stem 
(fig. 112), there is observed a mass of cells or utricles, u, of various sizes, 
often small in the vicinity of the vascular bundifes, spiral vessels or 
trache®, large porous vessels, v p, laticiferous vessels, I, and woody 

Fi?. llO.—Part of the stem of AspaincaB eat transversely, showlag the vessels as pot&ta 4is* 
trlbated tiiroogh the cellular tissue. 1, Leaf in the form of a scale. 

Fig. 111.—lYansverae section of stem of Phragmites oommiutls, or common reed. The oella* 
lar usBue In the centre has disappeared, leaving a dstular or hoUoig stem, -witli a ring eella 
and vessels, the latter Indicated hy dote, n, Node wheie the dhres crews, so as to I'ons a solid 
partition. 




64 


INDOGESOBS OB MONOCOTTIEDONOBS STEM. 


fibres, f, resembling those of liber, thickened by internal deposits, A 
similar section of a further advanced endogenous steift, as of a Palm 
<fig. 113), shows numerous bundles of vessels dispersed irregularly in 
cellular tissue; those near the centre, m, being scattered at a distance 
from each other, while those towards the outside are densely aggre¬ 
gated, so as to form a darkish zone, 6, and are succeeded at the circum¬ 
ference by a paler circle of less compact vessels,/, with some compressed 
cells, covered by an epidermis, e. The peripherical portion, /, differs 
from true bark, in not being separable from the rest of the tissue. It 
has received the name of false bark, and consists of the epidermal cells, 



e, and what has been called the cortical integument, 1. This portion 
of the stem is often very inconspicuous, but sometimes it is much 
developed as in Testudinaria elephantipes, in which it is rugged, and 
is formed of a substance resembling cork in many respects, 

98. Mohl states that, in the stem of a Palm, there may be distin¬ 
guished a central region, a fibrous layer, and a cortical region; and 
the same divisions are pointed out by Henfrey in the stem of Spar- 
ganium ramosnm and other monocotyledons. The central portion, 
representing the pith of dicotyledons, consists in Sparganium of 
spherical cells, containing starch, while the cortical or outer portion is 
formed by irregular cells, which are usually destitute of starch. 

94. It was at one time supposed that the woody portion of these 
stems was increasec^by additions to the centre, so that the first-formed 


Fig. US—Horlxontal «eotion of a vasctOar bnodle from the stem of a Palm 
if Ti^chefe, or aplral vessels, vp^ Large porous vessels, u, Cells or utricle of various kinds 
tarroundlng the vessels, and foiWng the parenchyma. ^ Latlclferous vessels. Fibres anoicK 
goas to those of liber, thickened by concentric deposits. 

Hg. 118.—Transverse section of part of the stem of a Palm (Atirccarpmn Mwntmura). m. 
Central or medullary portion in which the woody bundles are distant and scattered, d, External 
woody p^os, where the fbres are nomereos and densely aggregated, so as to form a dark zone, 
i. Paler circle of more dender and less compact fibres, which may be considered as analogous to 
liber. CeUolar epidermal portion. 
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fibres were gradually pushed towards the circan&reDce by those which 
succeeded Aem, in the manner represented in fig. 114, 1: hence the 
term Endogenous (hSov, within, and ymdtiv, to produce), meaning 
internal growtL Bat Mohl has shown that this was not strictly correct. 
For although the fibres connected with the leaves, in the first instance, 
are directed towards the centre, 1 s 

and are therefore always internal 
to those previously formed, yet, ^ 
when they are traced downwards, 
they are found not to continue in 
a parallel direction, but to arch 
outwards, so as ultimately to reach 
the circumference. Hence, the 
newly-formed fibres really become 
external at the base, although I 
internal above. On making a ^ 
vertical section of an endogenous 
stem, as of a Palm, there is ob¬ 
served an interlacing of fibres, 
similar to what is represented in 
fig. 114, 2, where the four vas¬ 
cular bundles, abed, are first 
directed towards the centre, and 
then curve outwards towards the 
circumference, so that those last 
formed ultimately become external. 

The term Endogenous, will, there¬ 
fore, only apply strictly to the 
fibres at the early part of their 

course. On this account, the terms ■ ' j i n ‘ 

Endogenous and Exogenous have^|^ { | { | | j /f'’ j I I 1 

been recently discarded by many 
writers, the terms Monocotyledon- 
ous and Dicotyledonous being sub¬ 
stituted. The true distinction 
between Exogenous and Endogen¬ 
ous stems consists in this, that in 
the former, the woody or vascular 
bundles increase indefinitely at 
their periphery, while in the latter, they are arrested in their trans¬ 
verse growth at a definite epoch. The investing bark of the former 
permits an unlimited extension of woody growth beneath it; the 




Fig. I14.—Fig(^et to represent the arrangement of four pairs of vascnlar bundles (o a, J 6, c c, 
<f <f)t hi endogesons stems. 1. According to the old Idea of internal development throoghtmt the 
stem. 2. According to the \iew of MolO. who has shown that the fibres inteilace, and that tboss 
which are at first internal, become external, lower down. 
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fibrous cortical layer of the latter maintains an intimate union with 
the general structure which prevents unlimited increase in diameter. 
Hence we find that true endogenous stems do not attain the enormous 
diameter exhibited by some exogenous trees, such as Wellingtonia 
gigantea and the Baobab,—the former of which has been measured 
116 feet in circumference. 

95. The composition of the vascular bundles, in different parts of 
their coiu^e, varies. Thus, at the upper part, where they proceed 
from the leaves towards the centre, they contain spiral vessels, porous 
vessels with some cellular tissue, a few laticiferous vessels, and woody 
fibres resembling those of liber (fig. 112.) As the bundles descend 
the spiral vessels disappear, then the porous vessels, and when they 
have reached the periphery, and have become incorporated with it, 
nothing but fibrous tissue, or pleurenchyma, remains, forming by its 
division a complicated anastomosis, or net-work. Thus, at the com¬ 
mencement the bundles are large, but as they descend they usually 
become more and more attenuated. In some instances, however, as 
in CeroxylonAndioola, they increase at different parts of their course, 
probably by interstitial growth, and give rise to irregular swellings of 
the stem. Thb distension takes place occasionally at the base of the 
stem, as in Euterpe montana. 

96. There are many herbaceous plants in this country, as Lilies, 

Grasses, &c., having endogenous stems, in which the course of the 
vascular bundles may occasionally be traced, but there are no British 
endogenous plants with permanent aerial woody stems. All the British 
trees are exogenous. Illustrations of endogenous stems must therefore 
be taken from trees of foreign countries. Palms furnish the best 
examples. In them the stem forms a cylinder of nearly uniform 
diameter throughout. The leaves are produced from a single terminal 
and central bud, called a Phi/llophor or Phyllogen, a leaf, and 

to bear, and ytvmiiv, to produce). Connected with the leaves 
are the vascular bundles, and the bases of the leaves remain attached 
to the outer part of the stem, surrounded by the mattulla or reticulum 
57). While the leaves produced by one bud decay, another bud 
is developed in the centre in a similar manner. As the definite vas¬ 
cular bundles are produced, the stem acquires increased thickness, but 
it is arrested in its transverse diameter at a certain epoch. The bimdles, 
although developed progre.ssively, do not multiply indefinitely; and 
thus a Palm-stem seldom becomes of great diameter. 

97. In consequence df this mode of formation, the outer part of a 
Palm-stem is the hardest and densest, and after acquiring a certain 
degree of solidity, it resists all further distension, and frequently be¬ 
comes so hard as to resist the blow of a hatchet. It has been already 
stated, that in the exogenous stem, provision is made for nnlimited 
extension laterally, by the development of indefinite bundles of woody 
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fibres and vessels, and the fcarnation of a separable bark ■whiob can ba 
thrown off; but in the endogenous stem there is no such provision. 
Heiwe, when the first formed part of the stem has increased to a cer¬ 
tain amount, its progress is stopped by the hard indistensible outer 
fibrous covering; and the same thing takes place with the other parts 
in succession, till at length all have acqmred a comparatively uniform 
size, as is seen in the coco-nut palm (fig. 115, 1). In consequence of 
the small lateral increase of Palm-stems, a woody twining plant does 
less injury to them than to trees of exogenous growth. 

98. The growth of endogenous stems may be said to resemble the 
upward growth of Exogens by terminal buds only, for there is no 
cambium layer, and no peripherical increase. Hence, in Palms, the 
terminal shoot is developed, but 
there are no annular rings. The 
hardening of the stem depends, 
in all probability, partly on in¬ 
ternal changes in the woody fibres, 
similar to what takes place in the 
heart-wood of Exogens. Occa¬ 
sionally, at the upper part of a 
palm-stem there is an appearance 
of zones, but it does not continue 
throughout the stem. Erom the 
absence of concentric circles, the 
age of a Palm cannot be estimated 
in the same way as an exogenous 
tree. The elongation, however, 
of each species of Palm is pretty 
regular, and by it an opinion may 
be formed of the age. The lings 
on the surface of the stem are not 
indicative of yearly growth.' 

99. In Palms, there is in gen¬ 
eral no provision for lateral buds, 
and no branches are formed. 

Hence, destroying the central 
bud will kill the tree. In some 
Palms, however, as the Doom 
palm of Egypt {Hyphme Aebaica), the stem divides in a forked or 
dichotomous two ways, and ri/iytiv, to cut) manner. Gardner, 

Fig. llS.—Two endogenous or monocotyledonons trees, belonging to two dlfTerent famines. 
1. Cocos nucifera, or coco-nut, belonging to the l*alra family. 2. Pandanus odoratlsslmus, or 
screw-pine, belonging to Pandaimcoic. The first has a simple unbianched stem, with a clustw 
of leaves at the summit; the second has a branched stem, with numerous leafy clusters, and 
peculiar aerial roots, proceeding from dllfeieiit parts of the stem. Two human figures are given 
to indicate ^he heiglit of t>ie ireea 
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in Ids travels in Brazil, noticed a Palm in which the centre bud had 
been destroyed, and two side ones bad been produced, so as to give it 
a forked appearance. Other plants with endogenous stems, also pro¬ 
duce lateral buds. In fig. 115,2, there is a representation of such a stem, 
in the case of the Screw-pine, {Pandarm odoralisstmus), and examples 
are seen in Grasses, as the Bamboo, in Asparagus, Asphodels, and Dra¬ 
caenas. In these cases, the stem is conical, like that of Exogens, and the 
destruction of the terminal bud is not necessarily followed by the death 
I of the plant. The development of lateral buds is accompanied often by 
an increased diameter of the stem. The famous Dracaena Draco, or 
Dragon tree of Orotava, in the Canary Islands, has a hollow stem 
capable of holding several men; and the fact of its living in this 
state is marked by Jussieu as an argument against the strict endo¬ 
genous formation; for, if the centre were the youngest and newest 
part, its destruction would put an end to the existence of the tree, in the 
same way as the removal of the outer part Of the wood would destroy 
an exogenous stem. The branches in such plants are formed on the 
same principle as the stems; but their fibres, when reaching the stem, 
do not proceed to the centre, but extend outside the previous layers, 
between them and the outer false bark (fig. 113 I e), and thus it is 
that they give rise to lateral increase. In Grasses, the stem or culm 
is usually hollow or fistular (fig. Ill), in consequence of the outer 
part, by its rapid increase, causing the rupture and ultimate disap¬ 
pearance of the internal cellular portion. The fibres in some Grasses 
cross from one side to the other, forming partitions, as in Bamboo, 
which add much to the strength of the stem. 

100. In many Endogenous or Monocotyledonqus plants, the stem 
remains below ground, developing shoots which are simple, as in 
Banana and Plantain, or branched, as in Asparagus. In the former, 
the stem above ground is an herbaceous shoot, composed of the 
sheaths of the leaves. It dies after fruiting, and is succeeded by 
other shoots from the subterranean stem. The shoots or buds from 
such stems occasionally remain in part below ground in the form of 
bulbs, as in Lilies and Hyacinths; or corms, as in Tulips, Colchicum, 
Crocus, Gladiolus, and Arum. 

101. In some instances, the aerial stem has the usual endogenous 
structure, while the under-ground stem has the vascular bundles 
developed in the form of wedges, with cellular tissue in the centre, 
thus resembling some Exogens. This structure has been remarked in 
the Smilax or Sarsaparilla family. Lindley calls these plants Dictyogma 
(thruon, a net), fiwm thar netted leaves, a character by which they 
differ from other Endogens. Henfiey holds that the ring of woody 
fibres in Tamus and Smilax, is merely an alteration of the parenchy¬ 
matous celb of the periphery, and is not produced, as some have sup¬ 
posed, in the same way as the zones of Dicotyledons. He considers 



ACBoomrotTB OB Aoomi^sotrs btbk. 


59 


this ring as probaHy analogous to the liber, and not to the indefinite 
Tsscular bundles of Exogenous stems. 

Aerogenous or Acoiyledonous Stem, 

102. This stem, in its general external aspect, resembles that of 
Endogens. It is nnbranched, usually 

of small, nearly uniform diameter, 
and produces leaves at its summit. It 
is easily distinguished by its internal 
structure. Tree Ferns furnish the best 
example of this kind of stem. In them 
it is denominated a Stipe, or a Eachis, 
and often attains the height of 120 feet 
(fig. 116). A transverse section of the 
stem (fig. 117) exhibits a circle of vas¬ 
cular tissue composed of masses, z I, 
of various forms and sizes, situated near 
the circumference; the centre, m, being 
either hollow or formed of cellular 
tissue. On the outside of the vascular 
circle, cells exist, p, covered by an epi¬ 
dermal layer or cellular integument, «, 
often of hard and dense consistence, 

■formed originally by the bases of the 
leaves, which remain for a long time 
attached to the stem. 

103. The vascular bundles areformed 
simiiltaneouslg, and not progressively 
as in the stem already noticed; and 
additions are always made in an up¬ 
ward direction. The stem then is 
formed by additions to the summit, 
and by the elongation of vessels already 
formed; hence the name Acrogenous 

summit). The leaves unite by 
their bases to form the stem, and the 
arrangement of their vessels is traced 
into it. The vascular system is of 
greater density than the rest of the 
tissue, and is usually distinguished by 
the dark colour of the pleurenchyma 

Rs* 116 — (AUophila perrotetimaX of the East Indies. Stem or stipe is cyiln^c^ 
O'Qljrftnched, and presents at Us oase, r a, a conical enlargement, formed by a mft«B of aoTcnu- 
tioua rootSs The leavefl ftre tenninal, and in the young state axe rolled up In a cJrcluate manner. 
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(flg. U7 f% whioli surrounds the paler Tessels in the centre (fig. Ilf 
V »). The vascular bundles do not follow a straight course, but unite 

and separate, leaving spaces between 
them, similar to those seen in the 
liber of Exogens (fig. 101). 

104. The acrogenous stem in the 
young state is solid, bat it frequently 
becomes hollow in the progress of 
growth, by the rupture and absorp¬ 
tion of the walls of the cells in the 
centre. The bases of the leaves re¬ 
main long attached, but ultimately 
fall off, leaving marked soars which 
are at first close together, but often 
separate afterwards by interstitial 
growth. On these scars or cicatrices {cicatrix, a wo\md), the mark¬ 
ings of the vessels are easily seen, arranged in the same manner as 
those of the stem with which they are continuous. The vascular 
system of ferns consists chiefly of scalariform vessels (fig. 62), mixed 
•with annular (fig. 57), and porous vessels (fig. 98 ter). There are no 
true trachea! with fibres which can be unrolled. In the stems of 
Lycopodiace®, closed trachea or ducts (K 34) occur; and in Equi- 
setace®, the rings of the annular vessels are closely united. 

105. The stem of Ferns is generally of small diameter; it does not 
increase much laterally, after having been once formed, and it does not- 
produce lateral buds. Sometimes it divides into 
two (fig. 118), by the formation of two buds at its 
growing point. This, however, is an actual diid- 
sion of the stem itself, and differs from the branch¬ 
ing of the Exogenous and Endogenous stem. In 
the Ferns of this country, the stems usually creep 
along and under the ground, and the leaves which 
they produce die annually without giving origin 
to an elevated trunk. In the common Brake 
{Pleris aquilina), the arrangement of the vascular 
system may be seen by making a transverse section 
of the under-groimd stem. The plant has received 
its name aquilina, from a supposed resemblance to 
a spread eagle, presented by the vessels when thus cut across. 

Fig. 117 —Transverae section of the stem of a Tree fern {Cyalhea). m, Cellnlar tisue, corres- 
pontiing to pitb, occnpying the central part z I, Vascular cli'cle composed of numeroas irregu- 
Wly^fonned masses. /, Dark^coloured woody or proscnchymatous flbres, forming the borders 
of the vascular masses, v o. Pale-coloured vessels, chiefly scalariform, occupying the centre of 
fnttnwa f). Parenchymatous or cellular external zone, often communicating with the central 
porUon e. Hard epidermal envelope, occupying the place of the bark. 

Fig. 118.—Vertical section of part of the forked stem or stipe of Altophila perrotetiana. m, 
Cellar centrsl portion, z I, t i. Vascular zone, consisting of woody fibres and scalariform 
The fut’klog is caused by on actual divUUiii of the sti^ 
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lOS- In some T^aUogem, whieb have been noticed ns being stem- 
lea, ibe thallns or frond is supported by a stalk, in wbich there are 
concentric circles, with divisions in the form of rays, and a sort of 
pith. These are all forms of cellular tissue, however, without any 
woody fibres. These appearances are presented by some large antarctic 
sea-weeds, species of D’Urvillea, and by some lichens, as Usnea. 

107. There are thus three kinds of stems in the vegetable king¬ 
dom ; — 

1 _ Exogenous or Dicotyledonous, having a separable bark; distinct 

concentric circles, composed of progressive indefinite vascular bundles, 
increasing at their periphery, the solidity diminishing from the centre 
towards the circumference; pith, enclosed in a longitudinal canal or 
medullary sheath, with cellular prolongations in the form of medullary 
rays. 

2.— Endogenous or Monocotyledonous, having no separable bark; no 
distinct concentric circles; vascular bundles progressive and definite, 
not increasing at their periphery, the solidity diminishing from the 
circumference to the centre; no distinct pith, no medullary sheath 
nor medullary rays, the cellular tissue being interposed between the 
vascular bundles. 

8.— Acrogenous or Acotyledonous, having no separable bark; no con¬ 
centric circles; vascular bundles simultaneous, forming an irregular 
circle; additions being made to the summit; no distinct pith, no me¬ 
dullary sheath nor medullary rays; conspicuous scars left by the bases 
of the leaves. 

Formation of the different parts of Stems, and their special Functions. 

108. The stem bears the buds from which branches, leaves, and 
flowers are developed; it exposes these organs to the atmosphere and 
light, conveys fluids and air, and receives secretions. Stems vary 
much in their size, both as regards height and diameter. Some oaks 
in Britain have a height of nearly 120 feet; forest trees in France 
have attained to 120 and 130 feet, and in America even to 450 feet. 
Some Palms attain a height of 200 feet. The trunks of the Baobab 
and Wellingtonia are sometimes 30 feet or more in diameter. 

109. The pith, in its early state (fig. 94 p), is of a greenish colour, 
and contains much fluid, which is employed in the nourishment of the 
young plant. After serving a temporary nutritive purpose, it becomes 
iiry, or disappears by rupture and absorption of the walls of the cells 
which enter into its composition. The medullary sheath, which is the 
first formed vascular layer (fig. 96 e m), keeps up a connection be¬ 
tween the central parts of the stem and the leaves, by means of spiral 
vessels, which seem to be concerned partly in the conveyance of air. 
This is the only part of a Dicotyledonous stem in which these vessels 
ordinarily occur. The medullary rays (fig. 97 r m), preserve a com- 
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munication between the bark and the pith. The cells of which they 
are composed, are concerned in the production of leaf buds, and they 
assist in the elaboration and conveyance of secretiona They have a 
direct connection with the cambium cells (fig. 97 c), or the cells be¬ 
tween the wood and bark, whose function is to aid in the formation of 
new wood. The hark (fig. 97 /c, e c,p), protects the tender wood, 
conveys the elaborated sap downwards from the leaves, and is the 
part in which many valuable products, such as gum, tannin, and 
bitter principles, are formed and deposited. The vascular bundles 
(fig. 97 f I, V p), convey the sap from the root to the leaves. This 
function is carried on during the life of the plant by the annular 
vessels and the porous vessels, as well as other kinds of spurious 
fibro-vascular tissue; but in the woody fibres it ceases at a certain 
epoch, in consequence of the tubes being filled up by secondary de¬ 
posits, so as to form the perfect wood, which gives strength and sta¬ 
bility to the stem. 

110. Considerable differences of opinion have arisen on the subject 
of the formation of wood. All agree that it cannot be properly formed 
unless the leaves are exposed to air and light, but phynologists differ 
as to its mode of deposition. Some say that it is deposited in a hori¬ 
zontal, others, in a vertical direction. There seems to be no doubt, 
that the cambium cells perform an important part in the formation of 
wood, and that their activity depends on the proper development of 
leaves. These formative cells, although most easily detected in exo¬ 
genous stems, are also present in the other forms ot stems wliich 
have been described. ' In Monocotyledonous stems these cambium 
cells are situated in the centre of the bundles, and are concerned in 
the formation of the vascular tissue surrounding them. In woody 
Acotyledonous stems, as in Tree-ferns, these cells surround the vas¬ 
cular bundles. After a certain time the cambium zones in these 
stems become woody, and then the vascular bundles only grow at their 
extremity by means of unchanged cambium cells. In both these kinds 
of stems the vascular bundles are limited, and the stems can only 
increase laterally by ramifying or dividing dichotomously, as in Dra- 
csena and some Tree-ferns 

111. The early physiologists made experiments on exogenous stems, 
as being most easily procured. They espoused the horizontal theory 
of deposition, and disputed as to the formation of cambium; some 
maiutmning that it was formed by the cells of the-bark; others, by 
the central cells of the stem; and others, by both united. Duhamel,* 
by putting silver plates between the bark and wood; and Dr. Hope, 
by detaching portions of bark, endeavoured to show that the bark 
alone was concerned in the formation of wood; while Decandolle and 
others were led to the conclusion, that both were concerned in the 
process of fornryng cambium, by means of which a layer of liber and a 
layer of wood was annually produced. 
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112. Knight espoused what is called the vertical theory, considering 
the wood as developed in a downward direction by the leaves, and in 
this view he is supported by Petit-Thonars and Gaudichaud. These 
physiologists maintain that there are two vascular systems in plants, 
an ascending and descending; the one connected with the leaf forma¬ 
tion, or the spiral vessels; the other connected with the production 
of roots, or the woody fibres—the cellular tissue being more especially 
concerned in horizontal development. Every bud is thus, according 
to them, an embryo plant fixed on the stem, sending leaves upwards, 
and ipots downwards. In Palms, Dracmnas, and other Endogenous 
stems, the peculiar manner in which the woody fibres interlace (fig. 
114, 2), favours the opinion that they are developed like roots, by 
additions to their extremities; and this is also strengthened by the 
formation of adventitious or aerial roots, which burst through difi'erent 
parts of the stem in Screw-pines (fig. 115, 2), in the Banyan, and in the 
Fig tribe in generai. In Vellozias and Tree Ferns, the surface of the 
stem is often covered with thin roots, protruding at various parts, and 
becoming so incorporated with the stem as to appear to be a part of 
it. In the Tree Fern, represented in fig. 116, the iower part of the 
stem is enlarged in a remarkable degree by these fibres, so as to give 
it a conical form. In exogenous stems, when ligatures are put round 
the stem, and when portions of bark are removed, a swelling takes 
place above the parts where the injury has been inflicted, thus appa¬ 
rently proving that the new matter is developed from above downwards. 

113. Gaudichaud endeavours to account for various anomalous 
forms of stems (figs. 105—108), by considering them as depending on 
the arrangement of the leaves, and on the mode in which the woody 
fibres are sent down from them. Thus, the four secondary masses 
surrounding the central one in the stem of Calycanthus floridus, are 
traced to four vascular bundles from the leaves, penetrating the cellu¬ 
lar tissue of the bark, distinct from the central wood and from each 
other, except at the nodes, where the cross bundles unite them so as 
to form a ring round the central mass. New fibres are formed on the 
inner side of these bundles, and by degrees they assume a crescentic 
shape, while the horns of the crescent ultimately unite on the outer 
side (centrifugally), and enclose a portion of the bark, which thus forms 
a kind of spurious excentrio pith, with numerous woody layers on the 
inside, and a smaller number r)n the outside. Ag^, in Brazilian 
Sapindacess (fig. 106), with five, seven, nine, or ten woody masses, 
the same thing is said to occur, with this difiFerence, that the pith of 
each of the masses is derived from the original medullary centrf!, 
portions of which are enclosed by the vascular bundles in a centripetal 
manner, or from without, inwards. 

114. Treviranus states that the fibrous and vascular bundles de¬ 
scending from the leaves, are dq^tined in general to unite around a 
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common centre, but that they retain a certtun degree of independence, 
and may be developed separately in some instances, giving rise to 
anomalous fascicolated stems. 

115. Gardner, from an examination of Brazilian Palms, adopts the 
vertical theory, and Bindley also supports it. It is strongly opposed 
by Schleiden, Mirbel, Naudin, Henfrey, and Trecul, who consider the 
development of the vascular bundles, as proceeding from below up¬ 
wards; in Dicotyledons, by peripherical production of woody and vas¬ 
cular tissue from cambium cells; and in Monocotyledons, by a definite 
formation of woody and vascular bundles by means of terminali^uds j 
the hardening of the stem depending on the interstitial changes which 
take place afterwards in the woody fibres. 

116. A consideration of all the observations made on the formation 
of woody stems, leads apparently to the conclusion, that there is an 
ascending and descending axis in plants, and that each plant consists 
of one or more individuals, or photons {/pvrof, a plant), as they are 
called by Gaudichaud and others, having both axes developed; the 
Exogenous stem being formed by the original formation of two oppo¬ 
site phytons, the Endogenous by one: and that woody fibres are 
produced from cells, which, in Exogens, are formed annually between 
the wood and bark, as cambium cells; and, in Endogens, are developed 
in the internal parts of the stem. Proof seems, however, still wanting 
of the direction in which the development of wood takes place in the 
former; while, in the latter, observations seem to be in favour of a 
vertical formation, or of additions of woody fibre being made in a 
downward direction, as in roots, thus following the course of the 
descending elaborated sap.* Mirbel, from his investigations respect¬ 
ing the growth of the Date, believes that its fibres extend from below 
upward. He states, that at the summit of Monocotyledonous plants 
a mtiss of cellular tissue is produced, called a phyllophor, and that 
the formation of a vascular system in the plant precedes the develop¬ 
ment of the leaves, f Trecul has also shown that woody fibres in 
Dicotyledonous plants are not necessarily dependent on the presence 
of leaves, since ligneous tissue has been developed in the centre of por¬ 
tions of stems from which the bark had been removed. He believes 
that local increase depends on local action, that ligneous tissue is 
locally developed from previously existing cells, and that there is no 
evidence of fibres descending from the leaves or bnds.J 

117. All physiologists agree in believing that the formation of 
woody matter depends mainly on the functions of the leaves being 


• Eor fuJl details relative to the formation of wood, aee Gandichand,’ Becherchea aar I'OrRano- 
graphie, ike., Paris, 1841; Mubel, Annales dcs Sciences NatureUes, 2d series tom. xx, &c.; Nau- 
din, do., 8d series, tom. Henfrey, Annals of Natural History, 2d scries, vol 1 
+ Mirbel* Recherche* sur la Structure du llntiert.—Annales dcs Sciences, Nat 2d senes, xx. 5 
X Trdoul. Sur I’accroissement en diamvtre dea Vegetaux dicot;16doD^s ligneux,—Annaies des 
Sc. Nat 3d series, xviL 
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carried on properly, and this can only be effected by exposure to air 
and light. The more vigorously the plant grows, the bettw is the 
wood produced. Experiments made in the British dockyards proved 
that those oaks which had formed the thickest zones, yielded the best 
timber. Barlow’s experiments at Woolwich, showed that a plank of 
quick-grown oak, bore a greater weight than a similar plank of slow- 
grown oak. 

118. In order that trees may grow well, and that timber may be 
properly formed, great care should be taken in planting at proper 
distances and in soil fitted for the trees. Firs ought to be planted 
from 6 to 8 feet apart, and hardwood trees for a permanent plantation, 
28 feet distant, the spaces being filled up with larch, spruce, or Scotch 
fir, according to soil and situation. Hardwood is of no value till it has 
attained some age, while larch and spruce may be applied to use in 
ten or twelve years; and thus judicious thinning may be practised. 
When trees are set too close, their leaves are interrupted in their 
functions; many of them fall off, leaving the stems bare; the wood is 
imperfectly formed, and the roots are not sent out vigorously. When 
such plantations are allowed to grow without being thinned, the trees 
are drawn up without having a hold of the ground ; and when a por¬ 
tion of them is subsequently removed, the remainder is easily blown 
over by the wind. In thick plantations, it is only on the trees next 
the outside, where the leaves and branches are freely formed, that the 
wood and roots are properly developed. When a tree is fuUy exposed 
to air and light on one side only, it is frequently found that the woody 
zones on that side are largest. When trees are judiciously planted, 
there is a great saving both in the original outlay and in the subse¬ 
quent treatment. Pruning or the shortening of branches and the 
removal of superfluous ones ought to be cautiously practised It is 
only applicable to young branches and twigs, .and is had recourse to 
chiefly in the case of fruit-trees when the object is to make the plants 
produce flowers and fruit. If forest trees are properly planted and 
thinned, little pruning is required. 

BOOT OB DKSCBjrDINO AXIS. 

Structure of Roots. 

119. In the young state there is no distinction between stem and 
root, as regards structure; both being celloJar, and an extension of 
each other in opposite directions. In stemless plants, as Thallogens, 
the root remains in" a cellular state throughout the life of the plants. 
The root is afterwards distinguished from the stem, by the want of 
a provision for the development of leaf-buds, and by increasing from 
above downwards. Some plants, however, as the Moutan Pmony, the 
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Plam-tree, Pynts japonica, and especially Anemone japonica, Imve a 
power of forming buds on their roots. The last-mention^ plant 
developes these buds on every part of its extendvely ramifying roots, 
which may be chopped into numerous pieces, each capable of giving 
rise to a new plant. .The part where the stem and root unite is the 
coUum or neck. In woody plants, the fibres of the stem descend into 
the roots, and there is a similar internal arrangement of woody layers, 
as is seen in the stem itself. 

120. Roots are usually subterranean and colourless. Externally, 
they have a cellular epidermal covering of a delicate texture, some¬ 
times called epihletm (If 47), in which no stomata exist. Their in¬ 
ternal structure consists partly of cells, and partly of vascular bundles, 

in which there are no vessels with fibres 
which can be unrolled. Roots do not ex¬ 
hibit true pith, nor a medullary sheath. 
The axis t)f the root gives off branches 
which divide into radicles or fibrils (fig. 119), 
the extremities of which are composed of 
loose sponge-like cellular tissue, and are 
called spongioles or spongelets. Over these 
a very thin layer of cells is extended, 
called, by Trecul, a Pileorhiza {v't’Ko;, a 
cap, and a root). This sometimes 

becomes thickened, and separates in the 
form of a cup, as in Screw-pines (fig. 115, 
2), and in Lycopodiums. Occasionally 
the extremities of roots are enclosed in a 
sheath, or ampulla, as in Lemna. Cellular 
papill®, and hairs are often seen in roots 
(^Hg. 77), but no true leaves. These hairs 
consist of simple elongated cells which occur singly, and appear 
to serve the purpose of absorption. Roots do not grow through¬ 
out the whole length like stems, but by additions to their extremi¬ 
ties, which are constantly renewed, so that the minute fibrils 
serve only a temporary purpose, and represent deciduous leaves. 
Sohleiden has, therefore, observed that the tissue at the extre¬ 
mities of roots is older and more dense than that immediately be- 
low it. 

121. Roots, in some instances, in place of being subterranean, be¬ 
come aerial. Such roots occur in plants called Epiphytes, or air- 
plants (ea-/, upon, and <fvTi», a plant, from growing on other plants), 
as in Orchidaoe® ; also in the Screw-pine (fig. 115, 2), the Banvan 
(Ficus indica), and many other species of Ficus, where they assist m 
supporting the stem and branches, and have been called adventitious or 

Fig. Its.— Tapering root at Ualvs rotundllblia, giring ott broncbca and fllirlia 
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abnormal. In Screw-pines, these aerial roots follow a spiral order 
of development. In Mangrove trees, they often form the entire 
support of the stem, which has decayed at its lower part. The name 
of adventitious has also been applied to those roots which are formed 
where portions of stems and branches, as of the Willow and Poplar, 
are planted in moist soil They appear first 8s cellular projections, 
into which the fibres of the stem are prolonged, and by some are said 
to proceed from lenticels 63). They frequently arise fi:om points 
where the epidermis has been injured. A Screw-pine in the palm- 
house of the Edinburgh Botanic Garden, had one of its branches in¬ 
jured close to its union with the stem. This branch was at the 
distance of several feet above the part where the aerial roots were in 
the course of formation. At the part, howeVer, where the injury had 
been inflicted, a root soon appeared, which extended rapidly to the 
earth, and now the branch is firmly supported. 

122. Green-coloured aerial roots are frequently met with in endo¬ 
genous plants. Such roots possess stomata. In the Ivy, root-like 
processes are produced from the stem, by means of which it attaches 
itself to trees, rocks, and walls. Those processes are subservient to 
the purposes of support rather than nutrition. In parasites, or plants 
which derive nourishment from other plants, such as Dodder (Ctiscuta), 
roots are sometimes produced in the form of suckers, which enter into 
the cellular tissue of the plant preyed upon. 

123. When roots have been exposed to the air for some time, they 
occasionally assume the functions of stems, losing their fibrils, and 
developing abnormal buds. Duhamel proved this experimentally, 
by causing the branches of a willow to take root while attached to the 
stem, and ultimately raising the natural roots into the air. 

Forms of Roots. 

124. The forms of roots depend upon the mode in which the axis 
descends and branches. When the central axis goes deep into the 
ground in a tampering manner, without dividing, a tap-root is produced 
(fig. 119). This kind of root is sometimes shortened, and becomes 
succulent, forming the conical root of carrot, or the fusiform, or spindle- 
shaped root of radish, or the napiform root of turnip; or it ends 
abruptly, thus constituting the prcemorse {prcemorsus, bitten) root of 
Scabiosa succisa; or is twisted, as in the contorted root of Bistort. 

125. When the descending axis is very short, and at once divides 
into thin, nearly equal fibrils, the root is called flbrorn, as in many 
grasses; when the fibrils become short and succulent, the root is fasci¬ 
culated, as in Ranunculus Ficaria and Asphodelus luteus (fig. 120); 
when the succulent fibrils are of uniform size, and arranged like coral, 
the root is coralline, as in Corallorhiza innata; when some of the 
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fibliu are developed in the form of tubercules eontaming starchy 
matter, as in Orchis, the root is tuha’cular (fig. 121>; when the fibril 
enlarge in certain parts only, the root is nodulose, as in Spirrea 
Filip«idula (fig. 122), or mojulifonn, as in Pelargonium triste (fig. 
123), or annulcUed, as in Ipecacuanha. 
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126. Root of »lc*rfleel«ii*ii» or Exogenonr Plnni*.— In these plants 
the root in its early state, or the radicle as it is then called, is a pro¬ 
longation of the stem, and elongates directly by its extremity. It then 
continues to grow in a simple or branched state (fig. 119). From this 
mode of root development, these plants have been called Exorhizal 
(lia, outwards, and 4;^*, a root), by Richard. In their after progress, 
these roots follow the arrangement seen in the woody part of the stem. 
In some cases, as in the Walnut and Horse-chestnut, there is a pro¬ 
longation of the pith into the root to a certain extent 

127. Roat of raonocotylcdononr or Budogenon* PloBt*. —In these 
plants the young root or radicle pierces the lower part of the axis 
(fig. 124 r), is covered with a cellular sheath, c, and gives rise to 
numerous fibrils, r' r’ d d, which are similarly developed. These 
plants are therefore called by Richard, Endorhizal {hion, within); and 
the sheath is denominated ColeorMea (xOidt, a sheath). In their after 

Fig. ISO.—Paalculated root of Asphod^us Inteofl. 

Fig. 121.—Tubercular root of Orchis. Several of the radical fibres retain their cylindricftl form, 
while two are tubercules containing starchy matter. 

Hff. 12^—Nodulose root of Spiraea Filipendula. 

Fig. 323.—^Mouiliform root of Pelargonium 
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pfop’CS^ they umlly retain their oompoand character, consisting of 
fibnis, most of which often remain nnbrant^ed (figs. 120, 121). The 
first-formed roots which surround the axis, if the plant is perennial, 
gradually die, and others are produced in succession farther from the 
central axis. In Endogenous roots, the same structure is observed as 
in the stem. Thus, fig. 125 represents a section of a Palm root, com¬ 



posed of cellular tissue, porous vessels, v p, soalarifonn vessels, v a, 
fibrous or woody tissue, /, and laticiferous vessels, L Koots are pushed 
out from various parts of the stems of many Palms, and ultimately 
appear as part of the external integument. 

128. Boot or Acotyledonans or Acrogenon* Pluto.— In these plants, 
the young root is a development of superficial cells from no fixed 
point, and they have been called Heterorhizal (ertfof, diverse). In 
their subsequent progress, these roots present appearances similar to 
those seen in the stem. They frequently appear in the form of fibres 
on the outer part of the stent, giving rise, by their accumulation at the 
base, to the conical appearance represented in fig. 116 r a. 

Functiom of Boots. 


129. Eoots fix the plant, either in the soil or by attachment to 
other bodies. They absorb nourishment by a process of imbibition 
or endosmose (K 27), through their spongioles or cellular extremities. 


Fig. 124—Grain of wheat germinating, g. The maas of the grain. (, The young stem begin- 
mng to aho^ upwards r, llie principal root of aaia r' »■' r' r*. Lateral roots, covered like the 
precediDR, with small lialrs or threads ccc, Coleorhiia or sheath, with whidi eacii of the roots 
^ r hasc, while piercing the saperflcial layer of erabrj'o. 

section of part of the root of a Palm {DtptoUnmium maritimum), to show 
cne mode in which the cells and vessels are arranged, vp, I^rge porous vessels situated in tlie 
interior, v s, Scaiarifonn vessels more external,and becoming smaller the farther they are from 
tne c«itre /, Fibrous tissue, or elongated cells, accompanying tiie vesseia It Groups of ladd. 
ferous vessels of different sizes, the larger being Inside. 
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The experiment of Duhamel and Senebier, conducted by inserting at 
one time the minute fibrils alone into fluid, and at another, the axis of 
the root alone, showed clearly that the cellular extremities were the 
chief absorbing parts of the roots. Hence the importance, in trans* 
planting large trees, of cutting the roots some time before, in order 
that they may form young fibrils and spongelets, which are then easily 
taken up in an uninjured condition, rejidy to absorb nourishment. 

130. The elongation of the roots by tlieir extremities, enables them 
to accommodate themselves to the soil, and allows the spongioles to 
extend deeply without being injured. Roots in their lateral extension, 
bear usually a relation to the horizontal spreading of the branches, so 
as to fix the plant firmly, and to allow fluid nutritive substances to 
reach the spongioles more easily. It is of importance to permit the 
roots to extend easily in all directions. By restricting or cutting the 
roots, the growth of the plant is to a certain degree prevented, although 
it is sometimes made to flower and bear fruit sooner than it would 
otherwise have done. The system of restrictive potting, formerly prac¬ 
tised in green-houses, often destroyed the natural appearance of the 
plants. The roots filled the pots completely, and even raised the plants 
in such a way as to make the upper part of the root appear above the soil. 

131. To roots there are sometimes attached reservoirs of nourish¬ 
ment, in the form of tubercules, containing starch and gum (fig. 121X 
which are applied to the nourishment of the young plant. These are 
seen in the Dahlia and in terrestrial Orchids. In epiphytic Orchids, 
on the other hand, the roots are aerial, and the stems are much de¬ 
veloped, forming pseudo-bulbs. Upon the roots of Spondias tuberosa 
there exist round black-coloured tubercules, about eight inches in 
diameter, consisting internally of a white cellular substance, which is 
full of water. These tubercules seem to be intended to supply water 
to the tree during the dry season. They are often dug by travellers, 
each of them yielding about a pint of fluid of excellent quality. 

132. Roots also give ofi" certain excretions, which difler in different 
species. These are given off by a process of exosmose (If 27), and 
consist both of organic and inorganic matter. They were examined 
by Macaire and Decandolle, and at one time they were thought to be 
injurious to the plant, and by their accumulation to cause its deterio¬ 
ration. It was iso supposed, that while they were prejudicial to the 
species of plant which yielded them, they were not so to others, and 
that hence a rotation of crops was necessary. Daubeny and Gyde 
have found by experiment, that these excretions are not injurious, 
and it is now shown, that the necessity for rotation depends on the 
want of certain nutritive matters in the soil.* In very rich and fertile 
land, the same crop may be grown successively for many years. 

* This satiject is considered when the sources whence plants deibe their nonzishment ire 
tmted oL page 121. 
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Structure of Leaves. 

138. Leaves are expansions of the bark, developed in a eymmetrical 
manner, as lateral appendages of the stem, and having a connection 
with the internal part of the ascending axis. They appear at first as 
small projections of cellular tissue, continuous with the bark, and 
closely applied to each other. In the early stages of their development 
they are undivided. These cellular papill®, from which they derive 
their origin, gradually expand in various ways, acquire vascular tissue, 
and ultimately assume their permanent form and position on the axis. 
They may be divided into aerial and submerged leaves, the former being 
produced in the air, and the latter under water. 

134. Aerial i.eare«. —^These leaves consist of vascular tissue in the 
form of veins, ribs, or nerves, of cellular tissue or parenchyma filling up 
the interstices between the veins, and of an epidermal covering. 

135. The Tascuiar SyMeiu of the leaf is continuous with that of the 

stem, those vessels which occupy the internal part of the stem becoming 
superior in the leaf, while the more external become inferior. Thus, 
in the upper part of the leaf, which may 
represent the woody layers, there are spiral 
vessels (fig. 126 t), annular, reticulated or ^5 
porous vessels, v, and woody fibres, f-, ^ ' f 
whilst in the lower side, which may re- ‘ , 

present the bark, there are laticiferous 
vessels and fibres, resembling those of ^ 
liber, 1. There are usually two layers of 
fibro-vascular tissue in the leaf, which 
may be separated by maceration. They 
may be seen in what are calj|d skeleton 
leaves, in which the cellular part is re¬ 
moved, and the fibro-vascular left. The 
vascular system of the leaf is distributed 
through the cellular tissue in the form of 
simple or branching veins. 

136. Ihe EpMermi* (fig. 127 e s, e i), composed of cells more or 
less compressed, has usually a different structure and aspect on the 
two surfaces of the leaf. It is chiefly on the epidermis of the lower 
surface (fig. 128 e i), that stomata, s s, are produced, occupying spaces 
between the veins, and it is there also that hairs usually occur. In 

from a branch, b, info a petiole, p. The 
vertical, then nearly horizontal, bnt they continue to retain their relative jvosl- 
fho take place In the size of the cells at the articulation a, Trache®, In wmek 

S Ub^ ^ //»Woody fibres, i Cortical fibres, or flbrea 
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these respects, the lower epidermis resembles the outer bark of young 
steins, with which it maybe said to correspond. Tlie lower epidermis 
is often of a dull or pale-green colour, soft, and easily detached. The 
upper epidermis (figs. 127 and 128 e s) is frequently smooth and 



127 


128 


shining, and sometimes becomes very hard and dense. Many tropical 
plants present on the upper surface of their leaves several layers of 
compressed epidermal cells. These appear to be essential for the pre¬ 
servation of moisture in the leaf. In leaves which float upon the sur¬ 
face of water, as those of the water-lily, the upper epidermis alone 
possesses stomata 56). On removing a strip of epidermis, part of 
the paxietes of the cells below is often detached in the form of a green 
net-work (fig. 129 pp), and on examination under the microscope, 

the stomata, s s, are seen communicating 
with colourless spaces, lit, surrounded. 
by green matter. 

137. The ParencbyiBB of the leaf is 
the cellular ti.s3ue surrounding the ves¬ 
sels, and enclosed within the epidermis 
(fig. 127 ps, pi). It has sometimes re¬ 
ceived the names of Diachytm {hd, in 
the midsti^and tissue), or Meso- 

phyllum {fiistx, middle, and a 

leaf), or DipAoe, (S/xTioff, a covering). It is formed of two distinct 
series of cells, each containing chlorophylle or green-coloured granules, 
but differing in their form and arrangement. This may be seen on 
making a vertical section of a leaf, as in fig. 127. Below the epidermis 
of the upper side of the leaf, there are one or two layers of oblong 
blunt cells, placed perpendicularly to the surface (fig. 127 p «), and 



Hg. 127.—Thin vertical section of the leaf of a lily, highly magnified, e Epidermis of Tipper 
pagina or surface, e Epldei mis of lower surface, p s, Parenchyma of upper portion of the leaf, 
composed of close vertically-placed cells, p t, Parenchyma of lower portion, composed of loose 
horizontal cells, Intercellular passages. I i, Lacunte. 

Fig. 128.>-Similar section of the leaf of Balsam. The letters denote the same parts as in fig. 
127. a a. Stomata. 

Fig. 129,—Strip of the lower eptdcrmla, e a, of the leaf of Balsam, showing a net-work formed 
by a portion ot tho parenchyma below, p p, being detached. The i^uces of the net are lacons, 
0^^ con'eqTODOiug to stomata, a a. 
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applied so closely to each other as to leave only small intercelltilar 
spaces (fig. 127 »i), except when stomata happen to be present. On 
the under side of the leaf, the cells are irregular, often branched, and 
are arranged more or less horizontally (fig. 127 p i), leaving cavities 
between them, I I, which often communicate with stomata (fig. 128 
8 «). On this account the tissue has received the name of cavernous. 
The form and arrangement of the cells, however, depend much on the 
nature of the plant, and its exposure to light and air. Sometimes the 
arrangement of the cells on both sides of the leaf is similar, as occurs 
in leaves which have their edges presented to the sky. In very suc¬ 
culent plants, the cells form a compact mass, and those in the centre 
are often colourless. In some cases the cellular tissue is deficient at 
certain points, giving rise to distinct holes in the leaf, as in Monstera 
pertusa. In Victoria regia perforations in the leaf seem to be sub¬ 
servient to the purposes of nutrition, in permitting the air collected 
beneath the large expanded leaf to escape, and so allowing its under 
surface to be brought into immediate contact with the water. 

138. stubmcrgcd i.ravcs.—Leaves which are developed under water 
differ in structure from aerial leaves. They have usually no fibro- 
vascular system, but consist of a congeries of cells Which sometimes 
become elongated and compressed so as to resemble veins. They 
have a layer of compact cells on their surface (fig. 130 p), but no true 
epidermis, and no stomata. The internal structure consists of cells, 
disposed irregularly, and sometimes leaving spaces which are filled 
with air for the purpose of floating the leaf (fig. 130 /). When exposed 
to the air, these leaves easily part with their moisture, and become 
shrivelled and dry. In some instances there is only a net-work of 



I3I 

filamentous-like cells formed, the spaces between which are not filled 
with parenchyma, giving a peculiar skeleton appearance to the leaf, as 
in Ilydrogeton or Ouvirandra fenestralis (fig. 131). Such a leaf has 
been calledyknestrate {fenestra, a window). 


section^through a small portion of the submerged leal of Potamogeton 

t'uvlrandra feneBt»li^ composed oi vascular tissue, uithout inter¬ 
vening cellular tissue or aiuehymu. jj 
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189. A leaf, in general, whether aerial or submerged, consists of a 
flat expanded portion (fig. 132 1), called the blade, limb, or laminar 
merithal, a part, and txXhof, a frond), of a narrower portion 

called the petiole, (pedolus, a little foot or stalk), stalk, or petiolary merithal 
( (fig. 132 p), and sometimes of a portion 
at the base of the petiole, which forms a 
sheath or vagina (fig. 132 g), or is de¬ 
veloped in the form of leaflets, called 
stipules (fig. 191 s). The sheathing por¬ 
tion or vaginal merithal is sometimes 
incorporated with the stem, and has 
been called Tigellary {lige, Fr., a stem 
or stalk), by Gaudichaud. These por¬ 
tions are not always present. The 
sheathing, or stipulary portion, is fre¬ 
quently wanting, and occasionally only 
one of the other two is developed. 
When a leaf has a distinct stalk it is called petiolate; when it has none, 
it is sessile (sessilis, from sedeo, I sit). When sessile leaves embrace 
the stem, tliey are called amplexicaul {amplexor, I embrace, and caulis, 
a stem). The part of the leaf next the petiole or the axis is its base, 
while the opposite extremity is the apex. The surfaces of the leaf are 
called the paginoe {pagina, a flat page), and its edges or margins form 
the circwmscription of the leaf. The leaf is usually horizontal, so that 
the upper pagina is directed towards the heavens, and the lower pagina 
towards the earth ; but in many cases leaves are placed vertically, as 
in some Australian Acacias, Eucalypti, &c.; in other instances, as in 
Alstromeria, the leaf becomes twisted in its course, so that what is 
superior at one part becomes inferior at another. 

140. The upper angle formed by the leaf with the stem is called its 
axil (arilla, arm-pit), and everything arising at that point is called 
axillary. It is there that leaf-buds (X 3 80) are usudly developed. 
The leaf is sometimes articulated with the stem, and when it falls off 
a scar or cicatricula remains; at other times it is continuous with it, 
and then decays gradually, while still attached to the axis. In their 
early state all leaves are continuous with the stem, and it is only in 
their after-growth that articulations are formed. When leaves fall 
oflT annually, they are called deciduous; when they remain for two 
or more years, they are evergreen. The laminar portion of a leaf is 
occasionally articulated with the petiole, as in the Orange (fig. 185), 
and a joint at times exists between the vaginal or stipulary portion 
and the petiole. 

Fig. 132—Leaf of Polygonum Hydropiper, with a portion of t!ie stem bearing it. I, Limb 
lamma, or blafle. p, Petiole or leat-stalit. g, Sheath or vagina, embracing the stem, acd ter* 
oiinated by a fringe. 
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Distribution of the Veins, or Venation of Leaves. 

141. The distribution of the veins has been called Venation, some¬ 
times Nervation. In most leaves this can be easily traced, but in 
the case of succulent plants, as Hoya, Agave, and Mesembryanthemum, 
the veins are obscure', and the leaves are said to be Hidden-veined 
(figs. 171, 172). In the lower tribes of plants, as sea-weeds, and in 
submerged leaves, there are no true veins, but only condensations of 
elongated cellular tissue, and the term Veinless {avenia) is applied. 
In an ordinary leaf, as that of Lilac or Chestnut, there is observed a 
central vein larger than the rest, called the midrib (fig 133 n»); this 
gives off veins laterally [primai-y veins], ns ns ns, which either end in a 
curvature within the margin, as in Lilac (fig. 133), or go directly to 
the edge of the leaf, as in Oak and Chestnut (fig. 134). K they are 
curved, then external veins and marginal veinlets are ^ 
interspersed through the parenchyma external to the 
curvature. There are also other veins of less extent i 
(costal veins) given off by the midrib, and these give origin 
to small veinlets. In some cases, as Sycamore and Cinna¬ 
mon, in place of there being only a single central rib, there | 
are several which diverge from the part where the blade 






joins the petiole or stem. Thus, the primary veins give off secondary 
veins, and these in their turn give off tertiary veins, and so on, until a 

" «* 

'»•>“ to a pinnate manner, feather-velned. 

of Banana, showmff midrib and primary veins mnning parallel and io a 
cu. veu manner to Uiotnaigln. No lettculttiion. Plant mouocotyledouou& 
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completti uet-work of vessels is produced. To such a distribution of 
veins, the name of Reticulated or Netted venation has been applied. 

142. In the leaves of some plants there exists a central rib or mid¬ 
rib, with veins running nearly parallel to it from the base to the apex 
of the leaf, as in grasses (fig. 194) and Fan palms; or with veins com¬ 
ing off from it throughout its whole course, and running parallel to 
each other in a straight or curved direction towards the margin of the 
leaf, as in Plantain and Banana (fig. 135). In these cases the veins 
are often united by cross veinlets, which do not, however, form an 
angular net-work. These are called Parallel-veined. 

143. Leaves may thus be divided into two great classes, according 
to their venation— Reticulated or netted leaves, in which there is an 
angular net-work of vessels,' as occurs generally in the leaves of exo¬ 
genous or dicotyledonous plants; and Parallel-veined, in which the 
veins run in a straight or curved manner from base to apex, or from 
the midrib to the margin of leaf, and in which, if there is a union, 
it is effected by transverse veins which do not form an angular net¬ 
work. This kind of leaf occurs commonly in endogenous or monocotyle- 
donous plants. 

144.—Tabular Arrangement of Venation. 

A. —Reticulated Venation. 

I. Unicostate (unus, one). A single rib or costa in the middle (midno). 

1. Frimar)' veins coming off at different points of the midrib. 

a. Veins ending in curvatures within the miirgin (fig. 133), and forming what 
have been called true netted leaves (Ldac). 
h. Veins going directly to the margin (tig. 134), and forming feather-veined 
leaves (Oak and Chestnut). 

2. Primary veins coming off along with the midrib (fig. 143) from the.base ol 

the leaf. 

II. Multicostaie (mukm, many). More than one rib. In such cases there are 

frequently three {tricostate), as in fig. 102; or five (quiriquecostate), as 
in fig. 158. Authors usually give to these leaves the general name of 
costate, or ribbed. 

1. Concostate (con, together, costa, a rib). Ribs converging, running from base 

to apex in a curved manner, us in Cinnamon and Melastoma (fig. 168). 
There is occasionally an obscure rib running close to the edge of the 
leaf, and called intramarginal, as in the Myrtle. 

2. Discoskde (dis, separate). Ribs diverging or proceeding in a radiating manner; 

this is called radiating venation, And is seen in Sycamore, Vine, 
Geranium (figs. 144, 146). 

B. —Parallel Venation.—The terra parallel is not strictly applicable, for the veins 

often proceed in a radiating manner, but it is difficult to find a compre¬ 
hensive term. This venation may be characterized as not reticulated. 

I. Veins proceeding from midrib to margin, usually with convexity towards the 
midrib, as in Musa and Canna (fig. 135). 

il. Veins proceeding from base to apex. 

1. Veins more or less convergent (fig. 173), as in Iris, Lilies, Grasses (fig. 194). 

2. Veins more or less divergent, as in Fan Palms. 

To this may be added the venation common in Ferns where the veins divide in 
a forked manner. This venation has been called Furcate (Jurca, a fork). 
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Forms of Leaves. 

145. Leaves have been divided into simple and compound. The 
former have no articulation beyond the point of their insertion on the 
stem, or consist of one piece only, which, however, may be variously 
divided (figs. 136,137,138, &c.). The latter have one or more articu¬ 




lations beyond tlic point of their insertion on the stem, or consist of 
one or more leaflets (Joliola) separately attached to the petiole or leaf¬ 
stalk (fig. 141). In the earliest stage of growth all leaves are simple 
and undivided, and it is only during the subsequent development 
that divisions appear. The forms which the difierent kinds of simple 
and compound leaves assume, are traced to the character of the vena¬ 
tion, and to the amount of parenchyma produced. 

14 G. Simple Ijcbtc*.—W hen the parenchyma is developed symme¬ 
trically on each side of the midrib or stalk, the leaf is equal (fig. 149): 
if otherwise, the leaf is unequal or oblique (fig. 136), as in Begonia. If 
the margins are even and present no divisions, the leaf is entire {in¬ 
teger), as in figs. 149 and 150 ; if there are slight projections of cellular 
or vascular tissue 1,'eyond the margin, the leaf is not entire (fig. 136); 
when the projections are irregular and more or less pointed, the leaf 
is dentate or toothed (fig. lo.l); when they lie regularly over each 
other, like the teeth of a saw, the leaf is serrate {figs. 136, 154); when 
they are rounded, the leaf is crenate (fig. 159). If the divisions extend 

Fig. 186.—Leaf of Ulmus effusa. Reticulated venation; primarj’ veins ijoiiig to the margin, 
wl’it'h 1 l.orf unequal at the base 

1 < HT-.r >■. i!-li Ic.u “fValerianadioica. 

1 ifT .a .■‘d I-..r of Ttipaier Argeraone. Feather-veined 
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more deeply than the margin, the leaf receives different names accord¬ 
ing to the nature of the segments: thus, when the divisions extend 
about half way down (figs. 134,144), it is clejt {fisaus), and its segments 




144 



are called fissures (fitssura, a cleft) ; when the divisions extend nearh 
to the base or to the midrib (fig. 170), tlie leaf is partite, and its 
segments are called partitions. 

147. Tliese divisions take place in simple leaves exhibiting different 
. kinds of venation, and thus give rise to marked forms. Thus, if they 

occur in a feather-veined leaf (fig. 137), it becomes either pinnatifid 
(pinna, a wing or leaflet, and fisaus, cleft), when the segments extend 
to about the middle and are broad; or pectinate (pecten, a comb), 
when they are narrow; or pinnalipartite, when the divisions extend 
nearly to the midrib. These primary divisions may be again sub¬ 
divided in a similar manner, and thus a, feather-veined leaf will become 
bipinnatifid (fig. 138), or bipinnatipartite; and still further subdivisions 
give origin to tripinnatfiid and laeiniated leaves. If the divisions of a 
pinnatifid leaf are more or less triangular, and are pointed downwards 
towards the base, the extremity of the leaf being undivided and tri¬ 
angular, the leaf is runcinate (runcina, a large .saw), as in the Dande¬ 
lion. When the apex consists of a large rounded lobe, and the divi¬ 
sions, which are also more or less rounded, become gradually smaller 
towards the base (fig. 139), as in Biubarea, the leaf is called lyrate, 
from its resemblance to an ancient lyre.* When there is a concavity 
on each side of a leaf, so as to make it resemble a violin, as in Rumex 
pulcher (fig. 140), it is c&WoA panduriform fiddle). 

148. The same kinds of divisions taking place in a simple leaf with 
radiating venation, give origin to the terms lohed or cleft (figs. 174, 
HR), when the divisions extend about balf-way through the leaves: 
and thus they may be three-lobed, five-lobed, seven-lobed, many-lohed; 
or, trifid, quinquefid, septeivfid, multifid, according to the number of 


Fig 139.—Lyrato leaf of Barbarea. 

Fiff. 141).—Panduilform, a fiddle-shaped leaf of Bumex pulcher. 

Fig. 141.—Compound leaf; teni.ite, the lenfiots being ohcordate 

Fig. 142.—Compound leaf; quaternate, the leaflets being rottindate-cunelfonn, or wedee- 
gnaped with rounded apices. 

Fig. 143—Two-lobed leaf, somewhat cordate at the base, emarpinate, and tnucronatc. 

Fig 144.—Palmate leaf, the divisions acute and serrated at their mai ^ns. Kadiattng vena¬ 
tion. 

• Under the term lyrate, some ineludc compound pinnate leaves In which the several pinnse 
arc united at the apex of the leaf, and tlie otlieis become g) adually smaller towards the base. 
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divisions. The name of palmate, or palmatifid (fig. 144), is applied 
to leaves with radiating venation, in which there are several fissures 
united by a broad expansion of parenchyma, like the palm of the 
hand, as in Passion-flower and Rheum palmatum; while digitate 
(digitus, a finger), or digilipartite, includes leaves in which there are 
deeper partitions, five in number, like the fingers, as in Janipha; and 
dissected applies to leaves with radiating venation, having numerous 
narrow divisions, as in Geranium dissectum. When in a radiating leaf 
there are three primary partitions and two lateral ones spreading and 
forming divisions on their inner margin only, as in Hellcborus (fig. 
170), the leaf is called pedate or pedatijid (pes, a foot), from a fancied 
resemblance to the claw of a bird. 

149. In all the instances already alluded to, the leaves have been 
considered as flat expansions in which the ribs or veins spread out on 
the same planes with the stalk. In some cases, however, the veins 
spread at right angles to the stalk. If they do so equally on all sides, 
and are united by parenchyma, so that the stalk occupies the centre 
(fig. 145), the leaf becomes orbicular (orhis, a circle), as in Hydrocotyle; 
if unequally, so that the stalk is not in the centre, the leaf is peltate 
(pelta, a buckler), as in the 
Castor oil plant (fig. 14G). 

The edges or margins of or¬ 
bicular and peltate leaves 
are often variously divided. 

150. It has been observed 
that the order of the vena¬ 
tion in the leaf bears a close 
analogy to the arrangement 
of the branches on the stem. 

That a certain unity so per¬ 
vades vegetable organiza¬ 
tion, that the root, the stem, 
and the leaves may, in their 
ultimate arrangement, be regarded as being typical the one of the 
other. M Cosh states, that the angles at which the veins are given 
oil in the leaves are the same as those at which the branches come ofl’ 
from the stem. The angles as given by him vary from 30° to 70° * 
It is impossible to notice all the forms of leaves without exceed¬ 
ing due limits. The following are enumerated as the most impor¬ 
tant. When the veins do not spread out, but run from the base 
to the apex with a narrow strip of parenchyma, the leaf is linear or 

1?“J ?*’ Hy'ivcofl'te vnigaiis liacliatlTig venation, p, Petiole. 4 Lamina, 
riff 146. ieltateleatof Jlioiuuacomiminis,©! Castor oil plant. Itadiatinir venation. ©.Petiole 
f.J leaf-stalk. Lamina or blade. t> 

* M‘CoHh on the plant inon.lmlficl< 4 n^ considered. Pioceed. of the I.dJn Bot S©c., July 
1^*1 Bot Gazette, Ssptembci, 18:1. 
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uMeular (fig. 147), as in Pines and Firs. When the veins diverge, 
those in the middle being longest, and the leaf tapering at each end 
(fig. 1C6), it becomes lanceolaie (lancea, a spear). If the middle veins 
only exceed the others slightly, and the ends are convex, the leaf is 
either rounded (rotundaius), as in fig. 164, elliptical (fig. 162), oval 
(fig. 149), or oblong (fig. 150). If the veins at the base are longest, 
the leaf is ovate or egg-shaped, as in Chick-week (fig. 152), and if 
those at the apex are longest, the leaf is ohovate, or inversely egg- 
shaped. Leaves are cuneate (cutiem, a wedge) or wedge-shaped, in 
Saxifraga (fig. 155); spathulate, or spatula-like, having a broad 
rounded apex, and tapering down to the stalk in the 
Daisy (fig. 148) ; subulate (fig. 167), or narrow and 
tapering like an awl (subula ); acumhwte, or drawn 
out into a long point, as in Ficus religiosa (fig. 159), 
mucronate, with a hard stiff point or mucro at the 
apex (figs. 1 GO and 143). When the parenchyma 




is deficient at the apex so as to form two rounded lobes, the leaf is 
obcordate or inversely heart-shaped; when the deficiency is very slight, 
the leaf is called emarginate (fig. 143) as having a portion taken out 
of the margin; when the apex is merely flattened or slightly depressed 



Fig. 147 —Linear, oracicular leaf of Fir. Fig. 148 —Spathulate leaf of Daisy 

F>g 149.—Oval . , , , . 150—Oblong leaf. 

Inted leaf. 

t ovate at the tiase 

doubly serrated, or having large and small serratures alternately tlio margin. 

Fig. 105.—Cmicate or wedge-shaped leut of Saxitmga, ending in an abrupt or truncate manner, 
and toothed or dentate at the apex. 

Fig. 156.—Perfoliate leaf of Ilupleurum, formed by lobes uniting at the base on the opposite 
side of the stem from that to which the leaf is attached. 

Fig 157.—Retuse leaf, i. e. slightly depressed at tlie apex Margin slightly waved. 

Fig. 168.—Ovate, five-ribbed leaf 

Fig. 159.—Rounded acuminated leaf of Ficus religiosa, with the margin crenate or slightly 
sinuous. Fig. IGO.—Sub-ovate, retuse, mucronate leaf 
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(fig. 157), the leaf is retuse (retusus, blunt); and when the apex 
ends abruptly in a straight margin, as in the Tulip tree (fig. 163), 
the leaf is truncate. When 
the venation is prolonged 
downwards at an obtuse 
angle with the midrib, and 
rounded globes are formed, 
as in Dog-violet, the leaf is 
cordatt or heart-shaped (fig. 

] 53),or kidney-shaped (reni- 
form) when the apex is rounded (fig. 161), as in Asarum. When 
the lobes are prolonged downwards and acute (fig. 165), the leaf is 
sagittate [sagitta, an arrow); when they proceed at right angles, as in 
Kuraex Acetosella, the leaf is hastate {hasta, a halbert) or halbert¬ 
shaped. When a simple leaf is divided at the base into two leaf-like 
appendages (fig. 169), it is called auriculate {auricula, the ear). When 
the veins spread out in various planes, and there is a large develop¬ 
ment of cellular tissue, so as to produce a succulent leaf, such forms 
occur as conical, prismatical, ensiform or sword-like {ensis, a sword), 
acinaciform (acinaces, a scimitar), or scimitar-shaped (fig. 172), and 
dolaliriform (dolabia, an axe) or axe-shaped (fig. 171). When the 
development of cells is such that they more than fill up the spaces 
between the veins, the margins become ivavg, ctisp, or undulated, as 
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in Rumex crispus and Rheum undiilatum (fig. 174). By cultivation 
the cellular tissue is often much increased, giving rise to the curled 
leaves of Greens, Savoys, Cresses, Lettuce, &c. 

151. Compound ijcaveii arc those in which the divisions extend to 


Fiff. 161.—Rcnlform or kidney-sliaped entire leaf of Asamin. Radiating venation. 

Mg. 162.—Elliptical and aomewliat lanoeoliite leaf; three-ribbed. 

Fig. 163.—Three-iobed, truncate, or abrupt leaf of Ltriodondron tullplfera. 

Fig. 164.—Ronnded entire leaf, ending in a short point. 

Fig. 166 —Sagittate or airow-slmped leaf of Sagittaria. 

Fig. 166.—Lanceolate, acute leaf, with minute teeth or dentations at the margin. 

Fig. 167 —Subulate or awl-shapcd leaf. 

F^lg 168.—‘Whorl or veitlcll of lincar-ohovato leaves. 

Fig 1C9.—Aiuieulate lanceolate leaf, oblique ut tJie base, with minute toothings at the margin. 
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the midrib, or petiole (6g. 175), and receive the name of foliola or 
leaJUtt. The midrib, or petiole, has thus the appearance of a branch 
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with separate leaves attached to it, but it is considered properly as 
one leaf, because in its earliest state it arises from the axis as a single 
piece, and its subsequent divisions in the form of leaflets are all in 
one plane. When a compound leaf dies, it usually separates as one 
piece. The leaflets arc either sessile (fig. 17C), or have stalks, called 
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petiolules {^g. 175), according as the vascular bundles of the veins 
spread out or divaricate at once, or remain united for a certain length. 

Fig. i70.— Pedate or pcdatlfid leaf of Hellebore. Kadlating venation. 

Fig 171 —Dolabrlform or ase-Bhaped fleshy succulent leaf. Hidden veined. 

Fig. 172.—Aclnaclform or sclmltur-shaped succulent leaf. Hldden-vemed. 

Fig 173.—Oval leaf with converging veins; not reticulated. 

Fig. 174 —Palmately-lobed leaf, crisp or undulated at tiie margin. Radiating venation. 

Fig. 175.—Leaf of Robinia pseudo-acacia, often called Acacia The leaf Impari-plunate, or 
alternately pinnate The pinnae are suppoited on stalks or petlolules. p, Petiole or leaf-stalk. 

Lamina or blade divided into separate leatlels or plnnro 

Fig 176—Septenate leaf oi .^EscaluaUippocast&num 01 Horse Cheatnut Petiole, i, lamina, 
divided into seven separate leaflets. 
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152. Compound leaves have been classified according to the nature 
of the venation, and the development of parenchyma. In a feather- 
veined leaf, if the divisions extend to the midrib, and each of the 
primary veins spreads out or branches so as to become covered with 
parenchyma, and thus form separate leaflets, which are usually articu¬ 
lated to the petiole or midrib (fig. 177), the leaf is pinnate {pinna,, a 
wing or feather). If the midrib and primary veins are not covered 
with parenchyma, while the secondary (or those coming off in a feather¬ 
like manner from the primary veins) are, and separate leaflets are 
thus formed which are usually articulated with the veins, the leaf is 
hipinnaie (fig. 178). In this case the secondary veins form as it were 
partial petioles. A farther sub-division, in which the tertiary veins 
only are covered with parenchyma and have separate leaflets, gives 
tripinnate or decompound, in which case the tertiary veins form the 
partial petioles; and a leaf divided still more is called supradkcompound 
(fig. 179). 

153. When a pinnate, leaf has one pair of leaflets, it is unijugate 
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{mum, one, and jugum, a yoke); when it has two pairs, it is b jugate ; 
many pairs, multijugnte (fig. 175). When a pinnate leaf ends in a 
pair of pinnae (fig. 177,) it is equally or abruptly pinnate {pari-pmnaXe ); 
when there is a single terminal leaflet (fig. 175), the leaf is unequally 
pinnate (impari-pinnate); when the leaflets or pinnm are placed alter¬ 
nately on either side of the midrib, and not directly opposite to each 

Fig 177 —Parl-plnnate leaf with six pairs of pinna? {wx^jugaU). 

Fig 178 —Bipinnate leaf, with sessile foUota or leaflets. 

Fig. 179.—Part of the supvadccompound leal of Lascrpltium hirsatum. 
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Other, the leaf is alternately pinnate (fig. 175); and when the pinnae 
are of different sizes, the leaf is interruptedly pinnate (fig. 180). 

154. In the case of a leaf with radiating venation, if the ribs are 
separately covered with parenchyma, and each leaflet is articulated to 
the petiole, the leaf becomes ternate (figs. 141, 181) if there are three 
divisions; guafemate, if four (fig. 142); quinate, if five; 8eptenate,ii 
seven (fig. 176), and so on.* If the three ribs of a ternate leaf sub¬ 
divide each into three primary veins, which become covered with 
parenchyma so as to be separate articulated leaflets, the leaf is bitemate; 
and if another three-fold division takes place, it is triternate (fig. 182). 



155. Petiole or i,rai-«iaib. —This is the part which unites the limb 
or blade of the leaf to the stem (figs. 132, and 175 j>). It is absent in 
sessile leaves, and in many sheathing leaves is not well defined. It 
consists of one or more bundles of vascular tissue, with a varying 
amount of parenchyma. The vessels are, spiral-vessels connected 
with the medullary sheath in Exogens and with the fibro-vascular 
bundles in Endogens, porous vessels and other forms of fibro-vascular 
tissue, woody tissue, and laticiferous vessels. These vessels are enclosed 
in an epidermal covering, with few stomata, and are more or less 
compressed. When the vascular bundles reach the base of the lamina, 
they separate and spread out in various ways, as already described 
under venation. A large vascular bundle is continued through the 
lamina to form the midrib (fig. 133, n m), and sometimes several large 
bundles form separate ribs (figs. 146, 162), whilst the ramifications of 
the smaller bundles constitute the veins. 

• Some apply the term digttntc to mdlating compound leaves with five or seven leaflets. 

Flff. 180 —Impaii and alternately pinnate leaf. Leaflets or pinniE sessile, and serrated at ihe 
margin. 

Fig 181.—Ternate leaf of Strawberry. Margin of leaflets, toothed or dentate, p. Petiole with 
projecting hairs /, Lamina divided into three Jeaflete 

Fig. 182.—Ti’itcniatc leaf Leaflets cordate. 
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156. At the place where the petiole joins the stem, there Ls fre¬ 
quently an articulation or a constriction with a tendency to disunion, 
and at the same time there exists a swelling (fig. 203 p), called pulvinm 
{pulvinus, a cushion), formed by a mass of cellular tissue, the pells 
of which occasionally exhibit the phenomenon of contractility. At 
other times the petiole is not articulated, but is either continuous 
with the stem, or forms a sheath around it. At the point 
where the petiole is united to the lamina, or where the midrib 
joins the leaflets of a compound leaf, there is occasionally a cel¬ 
lular dilatation called struma {struma, a swelling), with an articu¬ 
lation. This articulation or joint is by many considered as indicating 
a compound leaf, and hence the leaf of the orange is considered as 
such, although it consists of one undivided lamina (fig. 185). In 
articulated leaves, the pulvinus may be attached either to the petiole 
or to the axis, and may fall with the leaf, or remain attached to the 
stem. When articulated leaves drop, their place is marked by a cica¬ 
trix or scar, seen below the bud in fig. 203. In this scar, the remains 
of the vascular bundles, c, are seen; and its form furnishes characters 
by which particular kinds of trees may be known when not in leaf. 
In the case of many Palms and Tree-ferns, the scars or cicatrices of 
the leaves are very conspicuous. In fossil plants important charac¬ 
ters are founded on them. 


157. The petiole varies in length, being usually shorter than the 
lamina, but some¬ 


times much longer. 
In some palms it is 
fifteen or twentyfeet 
long, and is so firm 
as to be used for 
poles or walking- 
sticks. In general. 
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the petiole is more or less rounded in its form, the upper surface 


Fig 183 —Leaf with a quadrangular toothed lamina or blade, I, and an Inflated petiole, p, con- 
taming air cella ’ r • x-* 

Fig 104.-—Ascldium or pitcher of Nepenthes, o, Winged petiole which becomes narrowed, and 
tfien expands so as to form the pitcher by being folded on itself, e, The operculum or lid, formed 

Dyjpe blade of the lea^ and anlculatod to the pitcher. 

'*8 ‘®5.~Leaf of Orange, which some call compound, p, Dilated or winged petiole, united by 
an artiemanon to the blade. In such a leaf, If the vessels of the petiole were develtmed in a cir- 
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being flattened or grooved. Sometimes it is compressed laterally, as 
in the Aspen, and to this peculiarity the trembling of the leaves of 
this tree is attributed. In aquatic plants, the leaf-stalk is sometimes 
distended with air (fig. 183^), as in Pontederia and Trapa, so as to 
float the leaf. At other times it is winged, or has a leaf-like appear¬ 
ance, as in the pitcher plant (fig. 184^), orange (fig. 185 y>), lemon, 
and Dionsea (fig. 186 p). In some Australian Acacias, and in some 
species of Oxalis, Bupleurum, &c., the petiole is flattened in a vertical 
direction, the vascular bundles separating immediately after quitting 
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the stem, and running nearly parallel from base to apex. This kind 
of petiole (fig. 188 y>), has been called Phyllodium ((piixxov, a leaf, and 
f(8of, form). In these plants the lamina) or blades of the leaves are 
pinnate, bipinnate, or ternate, and are produced at the extremities of 
the phyllodia in a horizontal direction (fig. 188 l)\ but in many in¬ 
stances they are not developed, and the phyllodium serves the purpose 

Fig. 186 .—Loaf of Dloncea muBclptila, or VcnuB’ Fly-trap p. Dilated or winged petiole e, 
Jointed blade, the two fHnged halves of which fold on each other, when certain hairs on the 
upper surface are touched. 

Fig. 187 —Ascldium, or Pitcher of Sarracenla, formed by the petiole of the leaf The Ud is not 
artl^ated to the pitcher as in Nepenthes (fig. (84). • 

Fig. 188 .—Leaf of Acacia heterophylla. p, PlwUodiumor enlarged petiole, with stralghtrena- 
tlon. 11, Lamina or blade which is bipinnate. The blade is frequently awanting, and the ]^yUo- 
dlum Is the only part produced. 
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of a leaf. Hence, some Acacias are called leafless. These phyllodia, 
by their vertical position, and their peculiar form, give a remarkable 
aspect to vegetation. On the same Acacia, there occur leaves with 
the petiole and lamina perfect; others having the petiole slightly 
expanded or winged, and the lamina imperfectly developed; and 
others in which there is no lamina, and the petiole becomes large and 
broad. Some petioles, in place of ending in a lamina, form a tendril 
or cirrhus (1[ 201 ), so as to enable the plant to climb. 

Stipules. 

158. At the place where the petiole joins the axis, a sheath 
(vagina) is sometimes produced, which embraces the whole or part of 
the circumference of the stem (fig.-132 g). This sheath is formed by 
the divergence of the vascular bundles which separate so as to form a 
hollow cavity towards the stem. The sheath is occasionally developed 
to such a degree as to give a character to the plants. Thus, in the 
Khubarb tribe, it is large and membranous, and has received the name 
of ochrea or boot (fig. 132 5 '); while in Palms it forms a kind of net¬ 
work, to which the name of reticulum has been given (*|f 57); and in 
umbelliferous plants, it constitutes the pericladium around, and 
*xaSof, a br.anch). In place of a sheath, leaves are occasionally pro¬ 
duced at the base of the petiole (fig. 189 ss), 
which have been denominated stipules (stipula, 
straw or husk). These stipules are often two 
in number, and they are important as sup¬ 
plying characters in certain natural orders. 

Thus they occur in the Pea and Bean family, 
in Rosaceous plants, and the Cinchona bark 
family. They are rarely met with in Endo- 
gens, or in Exogens with sheathing petioles, 
and they are not common in Exogens with 
opposite leaves. Plants, having stipules, are stipulate; those having 
none, are exstipulate. 

159. Stipules are formed by some of the vascular bundles diverging 
as they leave the stem, and becoming covered with parenchyma so as to 
resemble true leaves. Like leaves they are large or small, entire or 
divided, deciduous or persistent, articulated or nonarticulated. Their 
lateral position at the base of the petiole, distinguishes them from true 
leaves. In the Pansy, the true leaves are stalked and crenate, while 
the stipules are large, sessile, and pinnatifid. In Lathyrus Aphaca,and 
some other plants, the true pinnate leaves are abortive, the petiole forms 
a tendril, and the stipules alone are developed, performing the office of 
leaves. 

h. * branch, r,of SalU anrlta, hearinv a single vetiolate leaf,/, which hu 

been cut across, a », Stipules. 6. Bud in the axil of the lek 
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160. When stipules are attached separately to the stem at the base 
of the leaf, they are called caulinary. Thus, in fig. 189, r is a branch 
of Salix aurita, with a leaf, f, having a bud, in its axil, and two 
caulinary stipules, s s. When stipulate leaves are opposite to each 
other at the same height on the stem, it occasionally happens that the 
stipules at either side unite wholly or partially, so as to form an inter- 
petiolary or interfoliar (inter, between) stipule, as in Cinchona (fig. 
190 s). In the case of alternate leaves, the stipules at the base of 



each leaf are sometimes united to the petiole and to each other, so as 
to form an adnate, adherent, or petiolary stipule, as in the Rose (fig. 
191 s), or an axillary stipule, as in Houttuynia cordata (fig. 192 s). 


Fig J 90.—Branch, r, and two learea,//, of Cephalanthns occldentalla $, Intcrpetlolary or 
IntenolUr stipule, formed by the partial union of two 

Fig. 191.—Fortlon of a branch, r, of Rosa cnninsj or dog-rose, bearing a single leaf, /, with its 
petiole, p. Its petiolary or adnato stipules, «, its axillary bud, b, and its aculel or prickles, a. 

Hg. Portion of a branch, r, of Uouttuynia cordata, with a leaf;/, and an axillary stlpnle, 
8 , formed hy the union of two. 

Fig 198.—Branch, r, and portion of the leaf, / of Aatragalus Onobrychls, with a Byrochreato 
BtlpTue, formed by the union of two stipules on the opposite side of the branch from that to which 
the leaf is attached. The leaf is pinnate, and m the figure three pairs of leaflets or nlnnie are left. 
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In other instances, the stipules unite together on the side of the stem 
opposite the leaf, and become stjnochreate {ouu, together), as in Astragalus 
(fig. 193 s). The union or adhesion of stipules is not an accidental 
occurrence taMng place after they have been developed; but is in¬ 
timately connected with the general law, in accordance with whicli tlie 
parts of the plants are formed. 

161. Stipules are sometimes large, envelop¬ 
ing the leaves in the young state, and falling 
ofi' in the progress of growth, as in Ficus, 

Magnolia, and Potauiogeton; at other times 
they are so minute as to bo scarcely distin¬ 
guishable without the aid of a lens, and so 
iugaceous as to be visible only in the very 
young state of the leaf. In grasses, the sheath 
or sheathing petiole (fig. I'.II g r) has a prohm- 
gation or folding of the epidermis * at its upper 
part, distinct from the leal, to which the name of 
ligule {ligula, a small slip) has been given (tig. 

194 g 1). Some consider it as equivalent to a 
stipule. It is either long or short, acute or 
blunt, entire or divided, and thus gives rise to 
various characters. At the base of the lealiet'' 
or foliola of a compound leaf, small .stipules are 
occa.sionally produced, to which some have given 
the name of stipels. 



Anomalous Forms of Leaves and Petioles. 

162. Variations in the .structure and forms of leaves and leaf¬ 
stalks are produced by the increased development of cellular tissue, by 
the abortion or degeneration of part.s, by tlio multiplication or repeti¬ 
tion of jiarts, and by adhesion. Wlien cellular tissue is developed to 
a great extent, leaves become succulent, and occasionally assume a 
crisp or curled appearance. Such changes take place naturally, but 
they are often increased by the art of the gardener; and the object of 
many horticultural operations is to increase the bulk and succulence ot 
leaves. It is in this w’ay that Cabbages and Greens are rendered more 
delicate and nutritious. 

163. In some plants true leaves are not produced, their place being 
occupied by dilated petioles or phyllodia (^ 157), or by stipuhe. 
(Tf 159). In other instances scales are foimed instead of leaves, as in 


* See Tieduplicalion, under the head of CorolUt, page 193. 

Fig. 194.—Portion of a leaf of riialaris arundiiiocea, one of tlie grassc's. f. Laminar menthat 
or hlaile of tlie leaf, with atruiglit parajicl \enation. q v, Vaginal, or alicatluug poitum rep t- 
renting the prtKile, ending lu a tueuibranoua process or Uguk, u 1. 
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Orobanclie, Lathraea, and young Asparagus (fig. 110 1). Divisions 
take place in leaves when there is a multiplication of their parts; and 
a union of two or more leaves, or of parts of leaves, occurs in many 
cases. When two lobes at the base of a leaf are prolonged beyond 
the stem and unite (fig. 156), the leaf is perfoliate (per, through, and 
folium, leaf), the stem appearing to pass through it, as in Bupleurum 
perfoliatum, and Chlora perfoliata; when two leaves unite by their 
bases they become connate (con, together, and natus, born), as in 
Lonicera Caprifolium; and when leaves adhere to the stem, forming 
a sort of winged or leafy appendage, they are decurrent (decurro, to 
run down or along), as in Thistles. 

164. The vascular bundles and cellular tissue are sometimes deve¬ 
loped in such a way as to form a circle, with a hollow in the centre, 
and thus give rise to what are called fstular (fistula, a pipe) or hollow 
leaves, and to ascidia (ce^x/S/of, a small bag) or pitchers. Hollow leaves 
are well seen in the Onion. Pitchers arc formed either by petioles or 
by laminss, and they are composed of one or more leaves. In some 
Convallarias, two leaves unite to form a cavity. In Sarracenia (fig. 
187) and Heliamphora, the pitcher is composed apparently of the 
petiole of the leaf. In Nepenthes (fig. 184) and perhaps in Cephalotus, 
while the folding of a winged petiole, p, forms the pitcher, a, the lid, 
e, which is united by an articulation, corresponds to the lamina. This 
kind of ascidiuni is called cal>/ptrimorp7mts (xaXiiTTfi*, a covering, and 

form), and may be considered as formed by a leaf such as that 
of the Orange (fig. 185); the lamina, e, being articulated to the petiole, 
p, which, when folded, forms the pitcher. In Dischidia Kafflesiana, a 
climbing plant of India, the pitchers, according to Griffith, are formed 
by the lamina of the leaf, and have an open orifice into which the 
rootlets at the upper part of the plant enter. These pitchers would 
seem therefore to contain a supply of fluid for the nourishment of the 
upper branches o^ the plant. In Utricularia, the leaves form sacs 
called antpullce. Some suppose that pitchers are not due to folding 
and adhesion, but that they are produced by a hollowing out of the 
extremity of the stalk. 

Structure and Form of Leaves in the Great Divisions of the Vegetable 

Kingdom. 

165. Gxoaenons or Dicotyledonous Tjcaves.— In Exogens, the vena¬ 
tion is reticulated, the veins coming off at various angles and forming 
an angular net-work of vessels (fig. 136), and the trachem communicat¬ 
ing with the medullary sheath. They are frequently articulated, ex¬ 
hibit divisions at their margin, and become truly compound. There 
are no doubt instances in which the veins proceed in a parallel man¬ 
ner, but this will be found to occur chiefly in cases where the petiole 
may be considered as occupying the place of the leaf. Examples of 
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this kind are seen in Acacias (fig. 188), as well as in Ehnunculus 
gramineus, and Lingua. 

1C6. Endojiieiiou* or MoMocolyledoiioiii* EroTOS. —In Endogens, the 
leaves do not present an angular net-work of vessels, nor do they ex¬ 
hibit divisions on their margin. Their venation is generally parallel, 
and their margin entire (figs. 135, 194). Exceptions to this rule 
occur in some plants, as Tamus and Rioscorea, which have been called 
Dictyogens by Lindley, on account of their somewhat netted venation ; 
and in Palms, in which although the leaves are entire at first, they 
afterwards become split into various lobes. Endogenous leaves are 
rarely stipulate, unless the ligule of grasses be considered as being a 
stipule. Tlioir leaves are often sheathing, continuous with the stem 
(forming a spurious stem in Bananas), and do not fall off by an articu¬ 
lation. When there is only a slight divergence of their veins, they 
may be looked upon more as enlarged and flattened petioles than a.s 
true laminro. This remark is illustrated by the leaves of Typha and 
Iris. In some Endogens, as in Sagittaria sagittifolia, the submerged 
and floating leaves are narrow, like petioles, while those growing erect 
above the water expand and assume an arrow-liko shape (fig. 105). 

167. Aoropenout* or Acolyirdonous licarca* —In Acrogens, the leaves 
vary much ; being entire or divided, petiolatcd or sessile, often feather- 
veined, oociisionally with radiating ven.ation, the e.xtremities of the 
veins being forked. The fibro-vasoular bundles of the leaves resemble 
those of the stem both in structure and arrangement. In Thallogens, 
the leaves when present have no vascular venation. In many of 
them, as Lichens, Fungi, and Algm, there are no true leaves. 

Fhijllotaicis, or the Arrangement of the Leaves on the Axis. 

168. Leaves occupy various positions on the stem and branches, 
and have received different names according to their situation. Thus, 
leaves arising from the crown of the root, as in "the Primrose, are 
called radical; those on the stern are cautine; on the branches, ramal; 
on flower-stalks, Jloral leaves. The first leaves developed are deno¬ 
minated seminal {semen, a seed), or cotyledons {x-otomIuh, a name given 
to a plant); and those which succeed are primordial {primus, first, 
and ordo, rank). 

169. The arrangement of the leaves on the axis and its appendages 

is called phyllotaxis (iftoAor, a leaf, and order). In their 

arrangement leaves follow a definite order. It has been stated already 
(D 67) that there are regular nodes or points on the stem (fig. 195 n) 
at which leaves appear, and that the part of the stem between the 
nodes is the intemode or menthcA (fig. 195 nr). Each node is capable 
of giving origin to a leaf. Occasionally several nodes are approximated 
so as to form as it were one, and then several leaves may be produced 
at the same height on the stem. When two leaves are thus produced^ 
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one on e«sh side of the stem or axis, and at the same level, they are 
called opposite (fig. 196); when more than two are produced (figs. 168, 
197), they are verticiHate (rerto, I turn), and the circle of leaves is then 





called a verticil or tvhorl M’hen leaves are opposite, the pairs winch 
are next each other, but separated by an internode, often cross at right 



angles (fig. 19G o b), or decussate (decusso, I 
cut crosswise), following thus a law of alter¬ 
nation. The same occurs in verticils, the 
leaves of each whorl being alternate with 
those of the whorl next to it; or, in other 
words, each leaf in a whorl occupying the 
space between two leaves of the whorl next 
to it. There are considerable irregularities, 
how’ever, in this respect, and the number 
of leaves in different whorls is not always 
uniform, as may be seen in Lysimachia 
vulgaris. 

170. When a single leaf is produced at a 
node, and the nodes are separated so that 
each leaf occurs at a different height on the 
stem, the leaves are alternate (fig. 198). 


n>7 The relative position of alternate leaves 


varies in diflcrent plants, although it is tolerably uniform in each 


Fig 195.~PortIoii of a branch of a Lime tree, Itli four leaves arranged In a distichous manner, 
or in two rows, a, The branch with tlie leaves numbered in their order, n beln;? the node, and 
m the Intcrnode or menthuJ. 6, Is a magnified representation of the branch, showlnj: the 
ncatiicee of the leaves and their spiral arraugement, which is expressed by i, or one turn of the 
spiral and two leaves. 

Fig 19C.—Opposite, decussate leaves of Pimelea decussata, <?, A pair of opposite leaves, d. 
Another pair placed at right angles. 

Fig. 197.—Leaves of Lysimacliia vulgaris, in verticils or whorls of three. The leaves of each 
verticil alternate with those of the verticils next it. In tills plant the number of tlio leaves In a 
verticil often vaiics. 
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species. In fig. 195, leaf 1 arises fi'om a node, n; leaf 2 is separated 
by an intemode or merithal, m, and is placed to the right or left; 
while leaf 3 is situated directly above leaf 1. The arrangement in this 
case is distichous (ti(, twice, and atixof, order), or the leaves are arranged 
in two rows. In fig. 199, on the other hand, the fourth leaf is that 
directly above the first, and the arrangement is iristichous three, 
and orlxof, order). The same arrangement continues throughout the 
stems, so that in fig. 199 the 7th leaf is above the 4th, the 10th above 
the 7th; also the 5th above the 2nd, 
the 6th above the 3rd, and so on. 

There is thus throughout a ten¬ 
dency to a .‘i[)iral arrangement, the 
number of leaves in the sjjirc or 
.spiral cycle, and the number of 
turns varying in dilTerent plants. 

In pliints whose leaves are close to 
each other, the spiral tendency is 
easily seen. In the .Screw pine 
(Pandanus odomtissimus), in the 
Pine-apple family, and in some 
Palms, as Copernicia cerifera, the 
screw-like arrangement of the leaves 
is obvious. This mode of develop¬ 
ment prevails in all parts of plants, 
and may be oofisidered as depend¬ 
ing on their in.anner of growth in 
an upward and at the same time in 
a lateral direction. Alternation is 
looked upon as the norm.al arrangement of all jiarts of plants. This 
arrangement is liable to be interrupted by many causes, so that its 
distinct existence cannot be always detected. 

171. In a regularly-formed straight branch covered with leaves, if 
a thread is passed fi'orn one to the other, turning always in the same 
direction, a sjtiral is described, and a certain number of leaves and of 
complete turns occur before reaching the leaf directly above that from 
which the enumeration commenced. This arrangement has been 
reduced to mathematical precision,* and Braun has expressed it 
by a fraction, the numerator of which indicates the number of 
turns, and the denominator the number of leaves in the spiral cycle. 
Thus, in fig. 198 a 5, the cycle consists of five leaves, the 6th leaf 

Fig. 198 —Part of a branch of a Cherry with six leaves, the 6th being placed vertically over the 
tirst, after two turns of the spiral. This is expressed by ^ or the quincunx, a, Tlie branch, with 
the leaves numbered in order 6, A magnified representation of the branch, showing the cica¬ 
trices of the leaves or their points of insertion, and their spiral arrangemont 

• For a full account of Phyllotaxis, see Bravals Mom snr la Disposition Gdometrlque dea 
Feuillca Annales des Sciences Naturellcs. Jan. and Feb 1837. 
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being placed vertically over the €rst, the 7th over the 2nd, and so 
on; while the number of turns between the 1st and 6th leaf is two: 
hence, this arrangement is indicated by the fraction In other 
words, the distance or divergence between the first and second leaf, 
expressed in parts of a circle, is of a circle, or 360 f =144 . 

In fig. 195, a b, the spiral is t.e one 
9 / turn and two leaves; the tliird leaf 

\ / / 7 being placed vertically over the first, and 

1 divergence between the first and 

\nlf second leaf being one-half the circum- 

n|i 6 Terence of a circle, 300 = 180°. 

ill i ^'^gain, in fig. 199, a b, the number is 

W tliree leaves, the angular 

® divergence being 120°. 

—tja i !"-• cases where the internodes 
® \! ^ are very short, and the leaves are closely 

B|wV—3 applied to each other, as in the Ilouse- 

2 " \ * leek, it is difficuft to trace what has 

' been called the ffencrafm^ spi'ra!, or that 

£_In 4 which passes through every leaf of the 

^ N cluster. Thus in fig. 200, there are 

thirteen leaves which .are numbered in 


I')') their order, and five turns,of the spiral 

marked by circles in the centre (y^j indicating the arrangement); 
but this could not be detected at once. So also in Fir'eones (fig. 201), 
which are composed of scales or modified leaves, the generating spiral 
cannot be determined easily. In such cases, however, there are 
secondary spirals running parallel to each other, as is seen in fig. 201, 
where spiral lines pass through scales numbered 1, 6, 11, 16, &c., 
and 1, 9, 17, &c., and by counting those which run parallel in different 
directions, the number of scales intervening betwe(-n every two in the 
same parallel coil may be ascertained. Thus, in fig. 201, it will be 
found that there are five secondary spirals running towards the right 
and parallel to each other, the first passing through the scales 1, 6, 
11,16, &c.; the second through 9, 14, 19, 24, &o.; the third through 
17, 22, 27, 32, 37, &c.; the fourth through 30, 35, 40, 45, &o.; the 
fifth through 43, 48, 53, &c. The number of these secondary .spirals 
indicates the number of scales intervening between every two scales 
in each of these spirals—the common difference being five. Again, 
it will be found on examination that there is a number of secondary 
spirals running to the left, in which the common difference between 
every two scales is eight, and that this corresponds to the number of 


Fig. 199—Toung plaatof Cyperus esoutentas, with leaves In three T(iwt,or trlsHchmia ex- 
prewed by the fractejii J, or one turn and three Icavea a. The plant, with ita leaves nura en d 
hi their order, i, Magiiided repreaenUtiou of the stem, ahowing the luacnlon of the leave* and 
tbtlr 0pIrtJ urrasiffcacstt 
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secondary spirals, the first of which passes through the scales 1, 9,17, 
&c.; the second through 6, 14, 22, 30, &c.; the third through 3,11, 
19, 27, 35, 43, and so on. Ihus it is that, by counting the secondary 
spirals, all the scales may be numbered, and, by this means, the gene¬ 
rating spiral may be discovered. 



200 


173. The primitive or generating spiral may pass either from right 

to left or from left to right. It sometimes follows a different direction 
in the branches from that pursued in the stem. When it follows the 
same course in the stem and branches, they are homodromovs (Sftoloi, 
similar, and a course); when the direction differs, they are 

heterodromous (i'Tefo;, another.) In different species of the same genus 
the phyllotaxis frequently varies. 

174. Considering alternation as the usual leaf-arrangement, some 
have supposed that opposite loaves are owing to the development of 
two spirals in opposite directions, wliile others look upon them as pro¬ 
duced by two nodes coming close together without an internode. A 
verticil, in the latter view, will be the result of the non-development of 
more than one internode, and may occur in plants, the normal arran-’e- 
ment of whose leaves is alternate. Thus, in fig. 195, if the space 
between 1 and 2 were obliterated, or the internode, m, not developed. 


plaeed closely toeether so os to fonn a rosette, as In Sem- 
Fn f ™ leaves are attached. The leaves are nnmhei ed 

enlrif I*"* U J'j* elrcles in the centre Indicate the five tnma of the 

sFthiteMth^'^* ***' hisertlon of each of the Icavea. The divergence ia expressed by the fraction 

th® eealcB or mndlflcd leaves nnmbered In the order of th-lr 
n" a™ *’’*,**,'* .The lines indicate a rectilinear senes of scales, and two 

luierdl aetoiidary spltdla, one tuiuUig from lelt to the otber from right to left. 
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the leaves would be opposite. In fig. 198, if the spaces between each 
of the leaves were obliterated, there would be a verticil of five leaves. 
In many plants there is a law of arrestment of development, by which 
opposite and verticillate leaves are naturally produced : but in such 
cases the alternation is still seen in the arrangement of the different 
clustei's of leaves. 

175. In some cases, the effect of interruption of growth, in causing 
alternate leaves to become opposite and verticillate, can be distinctly 
shown, as for instance in Ehododendron pontioum. In other cases, 
parts which are usually opposite or verticillate, become alternate by 
the vigorous development of the axis ; and on different parts of the 
same stem, as in Lysimaohia vulgaris, there may be seen alternate, 
opposite, and verticillate leaves. When the interruption to develop¬ 
ment takes place at the end of a branch, the leaves become fasciculate 
(fasciculus, a bundle) or clustered, as in the Larch. A remarkable 
instance of the shortening of internodcs, and the clustering of leaves, 
occurred in the Palm house of the Botanic Garden of Edinburgh, in 
the case of a Bamboo which was exposed for many months to a low 
temperature, duyng the time that the roof of the house was being 
renewed. The plant had been growing rapidl}', with its internodes 
of the usual length, but it was suddenly arrested near the summit, 
the internodes became gradually shortened, till the nodes were close 
to each other, and the leaves came off in bunches. All modifications 
of leaves follow the same latvs of arrangement as true leaves—a fact 
which is of importance in a morphological point of view. 

176. In Exogenous plants, the first leaves produced, or the 

cotyledons, are opposite. This arrangement often continues during 
the life of the plant, but at other times it changes. Some tribes of 
plants are distinguished by their o]iposite or verticillate, others by 
their alternate, leaves. Labiate plants have decussate leaves, while 
Boraginacea; have alternate loaves, andTiliaccre have distichous leaves 
in general; Cinchonacese have opposite leaves; G.aliaceae, verticillate. 
Such arrangements as |, and J\-, are common in Exogens. The 

first of these, called quincunx (quineuii.r, an arrangement of five), is 
met with in the Apple, Pear, and Ciierry (fig. 198); the second, in 
the Bay, Holly, Plantago media ; the third, in the cones of Pinus 
alba (fig. 201); and the fourth, in those of the Pinus Picea. In En¬ 
dogenous plants, tliere is only one seed-leaf or cotyledon produced, 
and hence the arrangement is at first alteimate; and it generally con¬ 
tinues so more or less. Such arrangements as ^ (fig. 199), and f, 
are common in Endogens, as in Grasses, Sedges, and Lilies. In 
Acrogens, the leaves assume all kinds of arrangement, being opposite, 
alternate, and verticillate. It has been found in general that, while 
the number 5 occurs in the phyllotaxis of Exogens, 3 is comiuon in 
that of Endogens. 
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177. AUbough there is thus, in the great divisions of the vegetable 

kingdom, a tendency to certain definite numerical arrangements, yet 
there are many exceptions. In speaking of Palms, which are endogenous 
plants, Martins states that the leaves of different species exhibit the 
following spirals— I, In the species of tho 

genus Finns, f, f}, occur. Thus, while it has been 

shown that the phylloplastic ((puM^ou, a leaf, and x?i«»T(»of, formative), 
or leaf-formative power, moves in a spiral round the axis, it has been 
found impossible to apply phyllotaxis satisfactorily to the purposes of 
classification. 

178. The spiral arrangement of the leaves allows all of them to be 
equally exposed to air and light, and thus enables them to carry on 
their functions with vigour. The form of tho stem is also probably 
connected with the leaf arrangement. M. Cagnat has remarked that 
an analogy in arrangement of leaves and character of stenr may be 
traced. The leaves of juni[>er are in verticils of three, and the pith 
is triangular; the leaves of cj'press being opposite, the pith presents 
the form of a cross. When leaves arc opposite .and decussate, the 
stems are often square, as in Labiate plants. The ordinary rounded 
stem appears to be associated \vith a certain degree of alternation in 
the separate leaves, or in the different pairs of leaves when they are 
opposite. 

179. The study of the structure, forms, and arrangement of loaves, 
'is of great importance, when it is considered that all parts of plants 
are to be looked upon as leaf-formations variously modified, in order 
to serve special purposes in tho economy of vegetation. Ihe morpho¬ 
logical relations of loaves, or the varied forms which they assume, will 
be illustrated during the consideration of the organs of reproduction, 
.•and of the doctrine of metamorphosis, as propounded by Goethe and 
jothers. It is only by looking upon all the organs of plants in their 
^relation to the leaf as a type, that a philosophical view can be given 
|3f the great plan on which they have been formed. 

Leaf-huds. 

180 . i.raf-bnds contain the rudiments of branches, and are found 
Sn the axil of previously-formed leaves (fig. 202 la, la, la)-, or, 
Pn other words, in the angle formed between the stem and leaf, 
p'hey are hence called axilLmy, and may be either terminal, h t, or 
lateral, I a. In tlieir commencement, they are cellular prolongations 
ifrom the medullary rays bursting through the bark. The central 
^jellular portion is surrounded by spiral vessels, and is covered with 
■Rudimentary leaves. In the progress of growth, vascular bundles are 
wormed continuous with those of the stem; and, ultimately, branches 

produced which in every respect resemble the axis whence the 
Sauds first sprung, The cellular portion in the centre remains as pith 

P 
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with its medullary sheath, which is closed and not continuous with 
that of the parent stem. Thus, in the stem and branch, thb sheath 
forms a canal which is closed at both extremities, 
and which sends prolongations of spiral vessels to 
the leaves. As the a.vis or central portion of the 
leaf-bud increases, cellular projections appear at 
regular intervals, which are the rudimentary 
leaves. 

181. A leaf-bud may be removed in a young 
state from one plant and grafted upon another, 
by the process of budding, so as to continue to 
form its different parts; and it may even be made 
to grow in the soil, in some instances, immedi¬ 
ately after removal. In certain cases, leaf-buds 
are naturally detached during the life of the 
parent, so as to form independent plants, and 
^0^ thus piupagate the individual. Leaf-buds have 

on this account been• called embryos, by Petit-Thouars and 

others. They are embryo plants fixed to the axis, capable of 
sending stems and leaves in an upward direction, and woody fibres 
downwards, which, according to some, may be considered as rodts. 
A tree may be said to consist of a series of leaf-buds, or phytons 
a plant), attached to a common axis or trunk. In ordinary trees, in 
which there is provision made for the formation of numerous lateral 
leaf-buds, any injury done to a few branches is easily repaired; but 
in Palms, which only form central leaf-buds, and have no provision for 
a lateral formation of them, an injury inflicted on the bud in the axis 
is more likely to have a prejudicial effect on the future life of the plant. 

182. In the trees of temperate and cold climates, the buds which 
are developed daring one season lie dormant during the winter, ready 
to burst out under the genial warmth of spring. They are generally 
protected by external modified leaves in the form of scales, tegmenta 
or peimlw (tegmenta, coverings, perulas, small bags), which are of a 
firmer and coarser texture than the leaves themselves. These Scales 
or protective appendages of, the bud, consist dther of the altered 
lamina:, or of the enlarged petiolary sheath, or of stipules, as in the 
Fig and Magnolia, or of one or two of these parts combined. They 
serve a temporary purpose, and usually fall off sooner or later after 
the leaves are expanded. The bud is often protected by a coating of 
resinous matter, as in the Horse-chestnut and Balsam poplar, or by a 
thick downy covering, as in the Willow. Linnmus called leaf-buds 
hibemacula, or the winter quarters of the young branch. 

183. In the bud of a common tree, as the Sycamore (fig. 208), 

FJg. Upper porticn of a braoch of Loniccra slgra )n a state of hibernation, that U to say, 

after the fall of the leaves; covered widi leaf-bads. & A terminal bud. 6 a, 6 a, 6 a, Axillary 
teteral buds, iiebw the buds, tlte dcatclx or Kar left by the fallen leaves is seen. 


hiL. 
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there is seen the cicatrix left by the leaf of the previous year, c, with 
the pulvinus or swelling, p, then the scales, e c, arranged alter¬ 
nately in a spiral manner, and overlying each other in what is called 
an imbricated (imbrex, a roof tile) manner. On making a transverse 
section of the bud (fig. <; 


204), t,he overlying 
scales, e e e e, are dis¬ 
tinctly seen surround¬ 
ing the leaves, /, which 
are plaited or folded 
round the axis or grow¬ 
ing point. In plants of 
warm climates, the buds 
are often fornaed by the 
ordinary leaves without 
any protecting append¬ 
ages; such leaves are 
called rialed. 




184. Vernoiion. —The arrangement of the leaves in the bud has 
been denominated vernation (m-, spring), or preefoliation (pree, before, 
and folium, leaf), or gemmation (gemma, a bud). This differs in 
different plants, but in each species it follows a regular law. The 
leaves in the bud are cither jilaccd simply in apposition, as in the 
Mist'eto, or they are folded or rolled up longitudinally or laterally, 
giving rise to different kinds of vernation, as delineated in fig. 205 
a —71, where the dot represents the .axis, and the folded or curved 
lines, the leaves with the thickened part indicating the midrib ; figs. 
a and g, heinar verlic.al sections; b — f and h — n, horizontal. 

185. The leaf taken individually, is either folded longitudinally 
from apex to base (fig. 205 a), as in the Tulip-tree, and called recli- 
naie; or rolled up in a circular manner from apex to base, as in Ferns 
(fig. 205 g), and called circinate (circino, I turn round); or folded 
laterally, conduplicate, as in Oak (fig. 205 5); or it has several folds 
like a fan, plicate or plaited, as in Vine and Sycamore (figs. 204205 
c), and in leaves with radiating venation, where the ribs mark the 
foldings; or it is rolled upon itself) convolute or supervolute, as in 
Banana and Apricot (fig. 205 d) ; or its edges are rolled inwards, 
involute, as in Violet (fig. 205 e); or outwards, revolute, as in Eose- 
mary (fig. 205/). The diflferent divisions of a cut leaf may be folded 
or rolled up separately, as in Ferns, while the entire leaf may have 
either the same or a different kind of vernation. 


Pig. 203.—Leaf-bud of Acer pseudo-plotanns covered with scales, r, The branch. Pulrhioi 
or swelling at the base of tlie leaf which has fsllen, leaying a scar or dcatrlcnla, C| in which the 
Tcm^s of three vascular bundles are seen, e e. Imbricated scales of the bud. 

Fig 201—Transverse section of the same leai-bud. esse, 'J’he scales arranged In an Imbri¬ 
cated manner, like tiie tiles on a house. /, The leaves folUra in a plaited mannert ezhlUong 
plicate Temation. 
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186. Other kinds of vernation receive their names from the ar¬ 
rangement of the leaves in the bud, taken as a whole. Leaves in the 
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bud are opposite, alternate, or rcrticillato; and thus different kinds 
of vernation are produced. Sometimes they are nearly in a circle at 
the same level, remaining flat, or only slightly conve.’: externally, and 
placed so as to touch each otlicr by their edges; thus giving; rise to 
valvate vernation (fig. 205 h\. At other times they are at diflferent 
levels, and are applied over each other, so as to be imbricated, as in 
Lilac, and in the outer scales of Sycamore (figs. 203, 204); and occa¬ 
sionally the margin of one leaf overlaps that of another, while it, in 
its turn, is overlapped by a third, so as to be twisted or spiral (fig. 
205 f). When the leaves are more completely folded, they either 
touch at their extremities (fig. 205 k), or are folded inwards by their 
margin, and become induplicate (fig. 205 (); or a conduplicate leaf 
covers another similarly folded, while it covers a third, and thus the 
vernation is cquitant (riding), as in Privet (fig. 205 m) ; or condupli¬ 
cate leaves are placed, so that the half of the one covers the half of 
another, and thus they become half-equitant or ohvolute, as in Sage 
(fig. 205 n). The scides of a bud sometimes exhibit one kind of 
vernation, and the leaves another (fig. 204). The same modes of 
arrangement occur in the flower-buds, as will be afterwards shown. 

187. Leaf-buds, as has been stated, are either terminal or lateral. 
By the production of the former (fig. 202 h t), stems increase in 
length, while the latter (fig. 202 b a, b a, b a) give rise to branches, 
and add to the diameter of the stem. The terminal leaf-bud, after 
producing leaves, sometimes dies at the end of one season, and the 

Flff. 205.—-FifjtiTea to show the different kinds of Tcmalion. a—/?, The folding of Kftividnal 
leaves; a and g being vertical sections, be de and/, befrig horizontal o, Rocllnate. ft.Cen- 
dvpUcate. c, Pheate. d, Convolute, e, Involute. J; Revolnto. g, Circlnate. A—«, Foldtng of 
leaves when united togetlier in the leaf-bud. The sections ore horizontal or transverse, and 
show the relative positiim of the leaves, and the mode m which each of them is folded. A, Val¬ 
vate. f, Tested or spiral. A, Opposite or accumbent, with the margins reduplicate, Indtph- 
eate. tn, Fquitant. n, Obvolule or lialf-equitant. in alt the figures, the tluckcnud portion indi¬ 
cates the nudrib of the leaf aod the dot uarlts the position of the axis. 
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whole plant, as in annuals, perbhes; or part of the axis is persistent, 
and remains for two or more years, each of the leaves before its decay 
producing a leaf-bud in its axil. This leaf-bud continues the growth 
in spring. 

188. In some trees of warm climates, as Cycas, Papaw-tree, Palms, 
and 'I'ree ferns, the production of terminal buds is well seen. In these 
plants, the elongation of the stem is generally regular and uniform, so 
tliat the age of the plant may be estimated by its height. Such stems 
(often endogenous) may thus he considered as formed by’ a series of 
terminal buds, placed one over the other. From this mode of growth 
they do not attain a .great diamet'er (lig. 115, 1). In other trees, 
e,specially Exogens, besides the terminal bud there are also lateral 
ones. These, by their development, give rise to I)ra?iches (rami), from 
wliich others c,ailed branchkts or twigs {ramuli) tirise. Such buds 
being always produced in the axils of leaves, are of course arranged 
in the same manner as the letives are. By the continual production 
of lateral leaf-buds, the stem of exogenous plants acquires a great 
diameter. 

189. Although provision i.s thus made for the regular formation of 
leaf-buds, there are ofien great irregularities in consequence of many 
being abortive, or remaining in a dormant state Such buds are 
called latent, and are capable of being devedoped in cases where the 
terminal bud, or any of the branches, have been injured or destroyed. 
In some instances, as in Firs, the latent buds follow a regular system 
of alternation; and in jilants with op])osite loaves, it fusquently hap¬ 
pens that the bud in the axil of one of the leaves only is developed, 
and the different buds so produced are situated alternately on opposite 
sides of the stem. 

190. When the terminal leaf is injured or arrested in its growth, 
the elongation of the main axis stops, and the lateral branches often 
acquire increased activity. By continually cutting off the terminal 
buds, a woody plant is made to assume a bushy appearance, and thus 
pollard trees are produced. Pruning has the eflect of checking the 
growth of terminal bud.s, and of causing latei'al ones to push forth. 
The peculiar bird-nest appearance often presented by the branches of 
the common Birch, depends on an arrestment in the terminal buds, a 
shortening of the internodes, and a consequent clustering or fascicula- 
tion of the twigs. In some plants there is a natural arrestment of the 
main axis after a certain time, giving rise to peculiar shortened stems. 
Thus^the crown of the root (^j 70) is a stem of this nature, forming 
buds and roots. Such is also the case in the stem of Cyclamen, 
Testudinaria elephantipes, and in the tuber of the potato. The pro¬ 
duction of lateral in. place of terminal buds, sometimes gives the stem 
a remarkable zigzag aspect. 

191. In many plants with a shortened axis, the lateral buds produce 
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long brancTjes. Tims the flageUum (Jlagdlum, a whip or twig), or 
rmner of the Strawberry and RaYiuncalas, is an elongated branch, 
developing buds as it runs along the ground; the pr<g>agulvm (pro- 
pago, a shoot), or offset, is a short thick branch produced laterally in 
fleshy plants from a shortened axis, and developing a bud at its ex¬ 
tremity, which is capable of living when detached, as in Honseleek. 
Fig. 206 represents a strawberry plant in which a' is the primary axis, 
ending in a cluster of green leaves, r, and some rudimentary leaves, 
f, and not elongating; from the axil of one of the leaves proceeds a 
branch or runner, a", with a rudimentary leaf, /, about the middle, 
and another cluster of leaves,/and r, forming a young plant with roots; 
from this a third axis comes off, o'", and so on. In many instances 

the runner decays, and the 
young plant assumes an inde¬ 
pendent existence. Gardeners 
imitate this in the propaga¬ 
tion of plants by the process 
of /agering, which consists in 
f , bending a twig, fixing the 
® central part of it into the 
ground, and, after the pro¬ 
duction of adventitious roots, 
cutting off its connection with 
the parent. 

192. Whe* the stem creeps along the surface of the ground, as in 
the Rhizome (fig. 90), or completely under ground, as in the Soboles 
or creeping stem (lig. 91), the terminal bud continues to elongate 
year after year, thus making additions to the axis in a horizontal 
manner. At the same time buds are annually produced on one side 
which send shoots upwards and roots downwards. Thus, in fig. 91 
(soboles of a Rush), r is the extremity of the axis or terminal bud,/e 
the leaves in the form of scales, p a the aerial shoots or branches, t t 
being the level of the ground. Again, in fig. 90 (rhizome of Solomon’s 
seal), o is the terminal bud which has been formed subsequently to 6, 
b the bud which has sent up leaves, and which has decayed, c c being 
the scars left by the similar buds of previous seasons. 

193. Aerial and SubtciTanran iiraT-buds —According to the nature 
of the stems, leaf-buds are either aerial or subterranean; the former 
occurring in plants which have the stems above ground, the latter 
in those in which the stems are covered. In the case of Asparagus 
and other plants which have d perennial stem below groundj sub- 

Flg. 206,—Flagellum, or Runner of the Sliawhorry. o', One axis whleh baa prodneefl a duetor 
of leaves, the upper, r, green, the lower, /, rudimentary From the axU of one of the latter, a 
second axis, a", ^s^ bdiriug about the middle a rudimentary leaf, /, aud a cluster of leaves, 
r, paidy green, and partly indlmcntuiy, at Its extieralty. From the axil of one of (io leaves of 
t hlsenster, a third axis, a"', pioceeds. 
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terranean buds are annually produced, which appear above ground 
as shoots or branches covered with scales at first (fig. 110 Q, and 
ultimately with true leaves. The young shoot is called a Turio {turio, 
a young branch). These branches are herbaceous and perish an¬ 
nually, while the true stem remains below ground ready to send up 
fresh shoots next season. In Bananas and Plantains, the apparent 
aerial stem is a shoot or leaf-bud sent up by an underground stem, and 
perishes after ripening fruit. In some plants, several branches are sent 
up at once from the underground stem, in consequence of a rapid 
development of lateral as well as terminal buds; and in such oases the 
lateral ones may be separated as distinct plants in the form of suckers 
(surculi). The potato is a thickened stem or branch capable of 
developing leaf-buds, which in their turn form aerial and subterranean 
branches, the former of which decay annually, while the latter remain 
as tubers to propagate the plant. Thus, in fig. 92, s s is the surface of 
the soil, y) a is the aerial portion of the potato covered with leaves, t is 
the subterranean stem or tuber covered with small scales or projections, 
as represented at t b, from the axil of which leaf-buds are produced. 
This provision for a symmetrical development of axillary leaf-buds at 
once distinguishes the tuber of the potato from fleshy roots, like those 
of the Dahlia. 

194. Bulb. —A good example of a subterranean bud occurs in the 
Bulb, as seen in the Hyacinth, Lily, and Onion, This is a«ubterranean 



leaf-bud covered with scales, arising from a shortened axis. From the • 
centre of the bulb a shoot or herbaceous stem is produced which dies 

Fig. i07.—Tanlciffed bulb of AUtum Porrnm, or the Lrelt. r, Roota. p, A clrculnr disc, or 
stioriened stem Intervening between the roots »nd the bulbons swelling, e c. Scales, or subter- 
raneftn modified leaves. /, Upper leaves which become green. 

Fig. 20&->'Veitical section of the tatiicated bulb of the Leek. Tlie letters iadleato the same 
parts as la the last figure. 6, Bud situated ia the azil of a scalOt which, by its development forms 
a new bulb. 

Fig. 20ft.—Scaly or naked bulb of Lillum album, r, Boota see, Scales or modified under, 
gi-ound leavea t, The stem cat 
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down. New bulbs, or cloves as they are called, are produced from 
the subterranean axis. At the base of the scales there is a flat¬ 
tened disc, varying in thickness, which is formed by the base of the 
buds, and which hks sometimes been called the stem. The parts of 
the bulb are seen in fig. 207, where p marks the disc or round flat 
portion formed by the liases of the lateral buds from which the fasci¬ 
culated roots, r, proceed, e the scales or modilied leaves, and /the true 
leaves. In the vertical section (fig. 208), b is the new bulb formed like 
a bud in the axil of a scale. The new bulb sometimes remains attached 
to the parent bulb, and sends up an axis and leaves; at other times it 
is detached in the course of growth, and forms an independent plant. 
The new bulbs feed on the parent oue, and ultimately cause its 
absorption. The scales are .sometimes all fleshy, as in the scaly or 
naked bulb of the white Idy (fig 209 c c t ), or the outer ones are thin 
and membranous, overlapping the internal fleshy ones, and forming a 
tunicated bulb, as in the Onion, Squill, and Leek (fig. 207). 

195. The Coi'iu a stump) has already been noticed under 

the head of subterranean stems (®,| 70, llg. 93). It may be considered 
as a bulb in which the central portion or axis is much enlarged, tvhile 
the scales are reduced to thin membranes. Some have called it a 
solid bulb. A.Corm may be generally distinguished from a Bulb, by 
a transverse section of the latter presenting a seiies of circles, equal in 
number to the fleshy scales arranged around its central axis. It is 
seen in the Tulip, Ctdchicuin, Crocus, and Gladiolus. It produces 
either termintd buds, as in Gladiolus and Crocus, in which several 
annual additions to the corm remain attached together, and the newly 
produced conns come gradually nearer and nearer to the surface of 
tlie soil; or lateral buds, a.s in Colchicum, represented at fig. 93, wliere 
r indicates the roots, / the leaf, a' the stem or axis of the preceding 
year withered, a" the secondary axis, or the stem develojied during 
the year, and taking the place of the old one, and which, in its turn, 
will give origin to a new axis, o'", on the opposite side, according to 
the law of alteriiation. The new axes or conns being thus produced 
alternately at either side, there is very little change in the actual 
position of the plant from year to year. Bulbs and corms contain a 
store of starch and of other substances, for the nourishment of the 
) oung plants. 

1 9(1. Anomalies and Translbrmalionii of X,rar-bnd«. —Leaf-buds arise 
from the medullary system of the plant, and in some instances they 
are found among the cellular tissue, without being in the axil of leaves. 
In this case they are extra axillun/, and have been called adventitious 
or abnormal. Such buds are produced after the stem and leaves have 
been formed, and in particular circumstances they are developed like 
normal buds. What have been called embryo-buds, are woody nodules 
Men in the bark of the Beech, Elm, and other trees. They are looked 
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upon as partially developed abnormal buds, in which the woody matter 
is pressed upon by the surrounding tissue, and thus 
hard and firm texture. When a sectioa is made, 
they present woody circles arranged around a‘ 
central pitli, and traversed by medullary rays 
(tig. 210). The nodules sometimes form knots 
on the surface of the stem, at other times they 
appear as large excrescences, and in some case^ 
twigs and leaves are produced by them. Some 
consider endjryo-buds as formed by lajmi'S oi 
woody matter, wliieli originate in the sap con¬ 
veyed downward by the bark and cambium cells, and arc deposited 
round a nucleus or central mass. 

11)7. Leaf-buds sometimes become extra-axillary (fig. 211 b), in 
consequence of tbe non-ajipcarauce or abortion of one or more leaves, 
Or on account of the adhe^^on of tlie young branch to the parent stem. 
In place of one leaf-hud, there are occasionally several accessory ones 
produced in the a.xil, giving origin to numerous branches (fig 212 b). 




1^11 212 



Such an occurrence is traced to the presence of latent or adventitious 
buds. Fig. 211 represents a branch r, of walnut, p the cut petiole, 
and b two bud.s, of which the upper is most developed, while fig. 212 
exhibits a branch of Louiccra tartariea, with numerous buds, b, in the 
axil of the leaves, the lowest of which are most advanced. By the 
union of several such leaf-buds, branches are produced having a 
thickened or flattened appearance, as is .seen in the Fir, Ash, and 
other trees. These/usciatcd [fascia, a band) branches, in some cases, 
however, a»e owing to the abnormal development of a single bud. 


Fiji?. 210.—Vertical Roction of a noilulc, n, or cnibryo-bud embodded in the bark of the Cedar. 
It fonns a projection on the Ruifaee. Tlie woody 1. v« ■»r«-i. i r.b.t i round a kind of pith. 

Fig 2ll.-roitiori of a branth, r, of tlio waltn.' . i .m* / t!. petiole, of a leaf which has 
been cut In tbe usil of tlie leat, beveral buds, 6, aie produced, tlie highest of which are most 
developed, 

Flff. 212.—Fortion of a branch, r, of Lonicera tailarlni, bearing two opposite leaves, one of 
w hlcn has been cut, tbe othei, /, being pi eseiwed. In the aftH of the leaves, clusters of bada, ft, 
aie seen, the lowest of whicli are most developed. 




106 


8FISE8 OE THOEjrS. 


198. In the axil of the leaves of Lilinm bulbifwnai, Deiriara 
bulbifera, and some other plants, small 
conjcal or rounded bodies are produced 
called bulMe or biMleta (fig. 213 b b b). 
They resemble bulbs in their aspect, and 
oon^ of a small number of thickened 
scales enclosing a growing point. These 
scales are frequently united closely together 
so as to form a .solid mass. Bulbils are 
therefore transformed leaf-buds, which are 
easily detached, and are capable of pro>- 
ducing young plants when placed in favour¬ 
able circumstances. 

199. Occasionally leaf-buds are produced naturally on the edges 
of leaves, as in Bryophyllum calycinum and Malaxis palndosa (fig. 
214), and on the surface of leaves, as in Ornithogalum thyrsoideuni 
(fig. 215). These are capable of forming independent plants. Similar 

buds are also made to ap¬ 
pear on the leaves of Ges- 
nora. Gloxinia, and Achi- 
menes,by wounding various 
parts of them, and placing 
them in moist soil; this is 
the method often pursued 
by gardeners in their pro¬ 
pagation. The cellular 
tissue near the surface of 
plants, seems therefore to 
SI* ai* have the power of develop¬ 

ing abnormal leaf-buds in certain circumstances. Even roots, when 
long exposed to the air, may thus assume the functions of stems. 
Leaves bearing buds on their margin, are called proliferous {proles, 
offspring, and fero, I bear). 

200. Spine* or Xhom*. —Branches are sometimes arrested in their 
development, Ad, in place of forming leaves, become transformed into 
spines and tendrils. Spines or thorns are undeveloped branches, ending 
in more or less pointed extremities, as in the Hawthorn. Plants which 
have spines in a wild state, as the Apple and Pear, often lose them 
W'hen cultivated, in consequence of their being changed int* branches; 
in some cases, as in Prunus spinosa, or the Sloe (fig. 216), a branch 

He 218.—Portion of theatem ofLillum bulbi/erum with three alternate leaves,///, and three 
batlille or bnlbletB, 8 d 6, in their oxUs. 

Fig. 214.—Extremity of a leaf, t, of Mfdaxls paludosa, the marg^ of which is covered with 
adventitious buds, b thus becoming proliferous. 

Kiff. 211,—Poitlon of the blade of elee^ /, of Oraitboffalum thyrsoldeum, on the eurface of 
wiiich develujied udventHlous or abnormal buds, bbbb^ some of which ara larjj^o. 
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bears leaves at its lower portions, and terminates in a spine. Leaves 
themselves often become spiny by hardening cf their midrib or pri¬ 
mary veins, and the diminution 
or absence of parenchyma, as in 
Astragalusmassiliensis(fig.217r), 
where the midrib becomes spiny 
after the fall of some of the leaf¬ 
lets ; in the Holly, where all the 
veins are so; and in the Barberry 
(fig. 218), where some of the 
leaves, ///, are produced in the 
form of spiny branches, with 
scarcely any parenchyma. In 
place of producing a lamina or 
blade at its extremity, the petiole 
sometimes terminates in a spine. 

Stipules are occasionally trans¬ 
formed into spines, as in Robinia pseudo-acacia (fig. 219, s s), ami 
such is also the case with the swelling or pulviuus at the base of the 
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leaf, as in Kibes Uva-crispa (fig. 220, c c c). Branches are sometimes 


thorn' Prnnns spinosa, or Sloe, with aWemate leaves, and ending In a spine or 

Fig. 217.—Pinnate leaf of Astragalus masslllensis, the midrib of which, r. ends In a spine, a. 
Petlolarv stipules. /, Nine pairs of leaflets. 

Fltf, 218 —Branch of Berberls vulgaris, or Barberry, the leaves of which,///, are transformed 
in^ branching spines. In the axil of each, a cluster, r r r, of regularly formed leaves is developed. 

Fig 219.-Base of the pinnate leaf of Robinia pseudo-acacia, the stipules of which. • s. are con¬ 
verted into spines or thorns b. Branch, r, Petiole 
Fig 220 -Branch of Ribes Uva^spa. In which the pulvlnus or swelling, c c c, at the base of 
each of the loaves, / ff, is changed into a spine, which is either simple, or double, or triple. 6 b. 
Leaf-buds arising from the axil of the leaves. r» 
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arrested in their progress at an early state of their development, and 
do not appear beyond the surfiice of the stem; at other times, after 
living grown to a considerable size, they undergo decay. In both 
instances, the lower part of the branch becomes embedded and 
hardened among the woody layers of the stem, and forms a knot. 

201. XendriiK.—A Icaf-bud is ^metimes developed as a slender spiral 
or twisted branch, called a tendril or ctirhtts (cirrus, a curl), as in the Pas¬ 
sion-flower, in which the lateral buds are thus altered with the view of 
enabhng the plant to climb. When tendrils occupy the [ilace of leaves, 
and appear as a continuation of the letif-stalk, they tire called petiolary, 
as in I.athyrus Aphaca, in which the stipules perlorm the function of 
true leaves. In Flagellaria iiidica, Mothouica superha, Anthcricum 
cirrhatum, and Albuca cinhata, the midrib of the leaf ends in a ten¬ 
dril; and in Vetches, the terminal leaflet, and some of the lateral ones 
at the extremity of their pinnate leaves, are changed, so as to form a 
branching tendril. In the Vine, the tendriLs are looked upon as the 
terminations of separate axes, or as transformed terminal buds. In 
this plant there are no young buds seen in the angle between the stem 
and leaves, nor between the stem and tendrils; and the latter are not 
axillary. Fig. 221 represents the branch of a Vine, in which a' is the 

primary or first formed aSis, 
ending in v\ a tendril or al¬ 
tered termuial bud, and 
having a leaf,/'', on one side, 
lletween this leaf and the 
tendril which represents the 
axis, a leuf-bud was formed 
ai an early date producing 
the secondary axis,or branch, 
n", ending in a tendril, v", 
with a lateral leaf, j"', ifom 
f which a tertiary axis or 
branch, a"', was detcliiped, 
ending in a tendril d", and 
60 on. 

202. Tendrijs twist in a 
spiral manner, and enable 
the plants to rise into the 
air by twining round other 
jilants. The direction of the 
•spinil frequently dift'ers from 



Flff. 221 —Portion of o binndi of tlio Vino (I’tfi.t vi'Dcro)- First tenninnted bv a 
tendril or cirrbus r'. wliich s a lutiial jm.s.l u , j ■ I»rr- .1 1 * .t ^ F*' :r fr r.\il of this 

loaf, a second axis, a", conics oli, v Iik li ft i m.s to Fo 0 < 1 • ‘‘u.. ibo n - , .n’d i** ui 'nliint' tl 

nlso by a teiulill, v'\ bearing^ a Icof, /" l n^m the «xj] of this second leaf, a thnil axis, a'", arises, 
iciminatcd by a tcudill, v''\ and Lcauiig a leaf, from the axil of wbleli a fourth tois, a"'\ 
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that of the dimbing stem, prod ucing the tendril. In the Vine, the lower 
part of the stem is strong, and needs no additional support; the tendrils 
therefore occur only in the upper part where the branches are soft, aM 
require aid to enable them to srqjport the clusters of fruit. In VanilTa 
aromatica, the vanille plant, tendrils are produced opposite the leaves, 
until the plant g.ains the top of the^frees by which it is supported ; 
the upper tendrils being then developed as leaves. The midrib is 
sometimes prolonged in a cup-like form; this is occasionally seen in 
the common cabbage, and seems to depend on the vascular bundles 
of the midrib spreading out at their extremity in a radiating manner, 
and becoming covered with parenchyma in such a w'ay as to form a 
hollow cavity in the centre. 

Special Functions of Leaves. 

203. Leaves expose the fluids of the plant to the influence of air 
and light, and their spiral arrangement enables them to do so effectu¬ 
ally. They are concerned in the elaboration of the various vegetable 
secretions, in the formation of wood, and in the absorption of fluid 
and gaseous matters. A plant, by being constantly deprived of its 
leaves, will ultimately be destroyed. On this principle, weeds, with 
creeping stems and vigorous roots, which are with dilhculty eradicated, 
may be killed. In the cells of the leaves changes take place under 
the agency of light, by which oxygen is given off and carbon fixed. 
These will be considei-ed under the head ot'vegetable respiration. The 
absorption of carbonic acid and of fluids is carried on by the leaves, 
chiefly through their stomata, according to Bonnet, who found that 
absorption was rapidly ollected by the under surface of ordinary 
leaves in which the cuticle is thinnest, cellular tissue least condensed, 
and stomata most abundant; the upper surface of the leaf usually 
presenting a polished and dense epidermis, and having few stomata, 
taking little part in such a process. Iloflhian * has c.arric'd these 
researches farther, and ascertained that le.aves absorb fluids in large 
quantities; that during a fall of rain the vegetable fluids undergo 
from such a cause a process of dilution, leading to ajftimmediate and 
more rapid descent of sap, which under such circumstances is capable 
of general diffusion throughout the several vegetable tissues. Some 
physiologists have expressed doubts as to absorption being carried on 
by the leaves in ordinary circumstances. Leaves, it has been shown, 
absorb gaseous matters. Saussure states that oxygen is absorbed by 
the leaves during night, the quantity varying according to the nature 
of the plant. Boussingaultf has found that the leaves of the Vine 
absorb carbonic acid from the air. Other experiments prove that 

• Hoffman on Circulation of Snn, Scientific Memoirs Nat Hist 1.40. 

t BouBSlngauIt) Kcononile Ruralc, L C6. 
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ammoma and nitrogen are similarly acted on. Leaves also give off 
gases and fluids by a process of exhalation or transpiration. Car- 
%nic acid, to a moderate extent, is exhaled during darkness, and a 
large quantity of fluid is given off by transpiration. The number and 
size of the stomata regulate the transpiration of fluids, and it is modi¬ 
fied by the nature of the epidermis. The absorbing power of leaves 
depending on similar causes, is capable of being increased by any 
process which removes either natural or imposed obstructions to the 
free action of their surface. It is thus that rain, while supplying 
the material for absorption, at the same time renders the leaf more 
capable of such action. In plants with a thick and bard epidermal 
covering, exhalation is less vigorous than in those where il is thin and 
soft. Some succulent plants of warm climates have a very thick 
covering. The peculiar character of the leaves or phyllodia of 
Australian plants, is prob.ably connected with the dry nature of the 
climate. While heat acts in promoting evaporation, the process of 
transpiration is more under the influence of light. It assists the pro¬ 
cess of endosmose, by rendering the fluid in the cells thicker, and 
thus promotes the circulation of sap. 

204. The quantity of fluid exhaled varies in amount in different 
plants. A- Sunflower three feet high, gave off twenty ounces of 
watery fluid daily. Hales found that a Cabbage, with a surface of 
2,730 square inches, transpired at an average nineteen ounces; a 
Vine, of 1,820 square inches, from five to six ounces. Experiments 
on exhalation may be made by taking a fresh leaf with a long petiole, 
putting it through a hole in a card which it exactly fits, and applying 
the card firmly and closely to a glass tumbler, about two-tliirds full 
of water, so that the petiole is inserted into the water, then inverting 
an empty tumbler over the leaf, and exposing the whole to the sun, 
the fluid exhaled will be seen on the inside of the upper tumbler. 
Tlie experiment may be varied by putting the apparatus in darkness, 
when no exhalation takes place, or in diffuse daylight, when it is less 
than in the sun’s rays. This process of exhalation imparts moisture 
to the atmosphere, and hence the difference between the air of a 
wooded country and that of a country deprived of forests. The cells 
in the lower side of a leaf where stomata exist, are chiefly concerned 
in the aeration of the sap, whilst other assimilative processes go on in 
the upper cells. 

205. Leaves, after performing their functions for a certain time, 
wither and die. In doing so, they frequently change cclour, and 
hence arise the beautiful and varied tints of the autumnal foliage. 
Tljis change of colour is chiefly occtisioned by the diminished circula¬ 
tion in the leaves, and the higher degree of oxidation to which their 
chlorophylle has been submitted. Leaves which are articulated with 
the stem, as in the Walnut and Horse-chestnut, fall and leave a scar. 
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while those which are continuous with it remain attached for some 
time after they have lost their vitality, as in the Beech. Most of the 
trees of this country have deciduous leaves, their duration not extend¬ 
ing over more than a few months; while in trees of warm climates, 
the leaves often remain for two or more years. In tropical countries, 
however, many trees lose their leaves in the dry season. Tliis is seen 
in the forests of Brazil, called Catingas. The period of defoliation 
varies in different countries according to the nature of their climate. 
Trees which are called evergreen, as Pines and Evergreen oak, are 
always deprived of a certain number of leaves at intervals, sufficient 
being left, howmver, to preserve their green appearance. Various 
causes have been assigned fur the fall of the leaf. In cold climates, 
the deficiencj' of light and heat in winter causes a cessation in the 
functions of the cells of the leaf; its fluid disappears by evaporation; 
its cells a7id vessels become contracted and diminished in their calibre; 
various inorganic matters accumulate in the texture; the whole leaf- 
bccomes dry ; its parts lose their adherence; and it cither falls by its 
own weight or is detached by the wind. In warm climates, the dry 
season gives rise to similar phenomena. 


SECTION II.-GENERAL VIEW OF THE FUNCTIONS OP THE 
NUTltmVE OEGAN3. 

206. In order that plants m.ay be nourished, food is required. This 
food, in a crude state, enters the roots by a process of absorption or 
imbibition; it is then transmitted from one part of the plant to another, 
by means of the circulation or progressive movement of the sap; it 
reaches the leaves, and is there submitted to the action of light and 
air, which constitutes the function of respiration; and thus the fluids are 
finally fitted for the process of assimilation, and form various vegetable 
products and secretions. 

1 .— Foot) OF Plants and Soubcf.s wnENCE thet derive their Nooeishmekt. 

CHEMICAL CUMI’OSIIION OF PLANTS. 

207. The nutriment of plants can only be ascertained when their 
chemical composition has been determined. The physiologist and 
chemist must unite in this inquiry, in order to arrive at satisfactory 
conclusions. Much has been done of late by Liebig, Mulder, Dumas, 
Boussinganlt, and other chemists, to aid the botanist in his investiga¬ 
tions, and to place physiological science on e sound and firm basis. 
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It is true tliat many processes take place in plants which cannot as 
yet be explained by the chemist, and to these the name of vital has 
been applied. This term, however, must be considered as implying 
nothing more than that the function so called occurs in living bodies, 
and in the present state of our knowledge is not reducible to ordinary 
chemical or physical laws. A greater advance in science may clear 
up many dilEcullies in regard to some of the vital functions, while 
others may ever remain obscure. 

208. Plants are composed of certain chemical elements, which are 
necessary for their growth. These are combined in various ways, so 
as to form what have been called organic and inorganic compounds. 
The former arc composed of carbon, oxygen, hydrogen, and uitiogen 
or azote, with a certain proportion of sulphur and phosphorus; while 
the latter consist of various metallic bases, combined wtth oxygen, 
metalloids, and acids. In all plants there is a greater or less propor¬ 
tion of water, the quantity of which is ascertained by drying at a 
temperature a little above that of boiling water. By burning the 
dried plant the organic constituents dis:i])pca)', and the inorganic part 
or the ash is left. The relative proportion of these eoustitnenls varies 
in different species, as seen in the following tabic by Solly, in which 
the proportions are given in 10,000 parts of the fresh plants; — 


Potato, .. 


Wafer. 

.. .... 

. 9308 . 

Organic Matter. 
.... 2173 ... 

1)88 .... 

Inorganic. 

. 114 

. 104 



.. Oi.SS .... 

70.5 .... 

57 



.. 9.iI7 .... 

CIS) .... 

fit 



.. «j01 .... 

.... 1390 .... 

.... 109 



.. 9210 .... 

733 .... 




.. 92r.o .... 

C;i3 .... 

.... 107 



.. 0207 .... 

702 .... 

91 



.. 8*130 .... 

.... 3299 .... 

.... 271 



.. 8701 .... 

.... 1018 . 

.... 191 

SaJsafv,. 


.. 7051 .... 

.. 1929 . 

.... 120 


Mustaid,. 9IC2 . 43tt . 102 


The analysis 

of 100 parts of Fruits 

gives the followin 

g results 

Strawberry, ... 


Water. 

Or<?anic. 

Inarffanic. 


.. 90-22 ... 

. ... 9-37 . 

0-41 

Green Gage, whole fruit,.... 

.. 83-77 ... 


0-40 

Cherry, 

do. 

.. 82-48 ... 


0-43 

Pear, 

do. 

.. 83-55 ... 

. 16-04 . 

0-41 

Apple, 

do. 

.. 81-01 ... 

. 15-72 . 

0-27 

Gooseheny,.... 


.. 90-26 .. 

. 9-36 . 

0-39 


. The following table, by Johnston, represents the constitution in 
parts of plants and seeds, taken in the state in which they ai-e 
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^ven to cattle, or laid up for preservation, and dried at 230® Fahren¬ 
heit; the organic matter being indicated by the carbon, oxygen, 
hydrogen, and nitrogen; the inorganic by the ash:— 



■Wheat 

Oats 

Peas. 

Hay. 

Tamtpi 

Potatoes. 

Carbon. 

.... 455 ... 

.. 607 .. 

... 466 ... 

... 458 .. 

.... 429 ... 

... 441 

Hydrogen... 

.... 67... 

. 04 .. 

... 61 ... 

... 50 .. 

.... 56 ... 

... 58 

Oxygen. 

.... 430 ... 

.. 3C7 .. 

... 401 ... 

... 387 .. 

.... 422 ... 

... 439 

Nitrogen.... 

.... 35... 

22 

... 42 ... 

... 15 . 

.... 17 ... 

... 12 

Ash. 

.... 23 ... 

.. 40 .. 

... 31 ... 

... 90 .. 

.... 76 ... 

... 60 


% 

By the process of drying, the 1000 parts of these substances lost water 
% in the following proportions:— 


"Wheat, ICG . Peas, 8G . Turnips, 925 

5 Oats, 151 . Hay, 158 . Potatt>es, 722 

i 211. As plants have no power of locomotion, it follows that their 
-i*food must be universally distributed. The atmosphere and the soil 
accordingly contain all the materials requisite for their nutrition. 
^ These materials must be supplied either in a gaseous or a fluid form, 
and hence the necessity for the various changes which are constantly' 
■f, going on in the soil, and which are aided by the efTorts of man. 
•% Plants are capable of deriving all their nourishineut from the mineral 
kingdom. The first created plants iu all probability did so, but in the 
- present day the decaying remains of other plants and of animals are 
also concerned in the support of vegetation. 

i 

%• ^ Organic Constituents and their Sources. 

^ 212. Carbon (C) is the most abundant element in plants. It forms 

4 from 40 to 50 per cent, of all the plants usually cultivated for food. 
3. When plants are charred the carbon is left, and as it enters into all 

the tissues, although the weight of the plants is diminished by the 
M process, their form still remains. When converted into coal (a form 

5 of carbon), ]jlants are. frequently so much altered by pressure as to 
3 lose tbeir structure, but occasionally it can be detected under the 
l!|.microscope. Carbon is insoluble, and therefore cannot be absorbed in 
fitts uncombined state. When united to oxygen, however, in the form 
^■of carbonic acid, it is readily taken up either in its gaseous state by 
igtlie leaves, or in combination with water by the loots. The soil con- 
stains carbon (humus), and in some soils, as those of a peaty nature, it 
j exists in very large quantity. The carbon in the soil is converted into 
'carbonic acid in order to be made available for the purpose of plant- 

ingrowth. Carbon has .the power of absorbing gases, and in this way, 
^ by enabling certain combinations to go on, it assists in the nourishment 
^of plants. In the atmosphere, carbonic acid is always present, averag¬ 
ing about Tii'sB part, arising from the respiration cf man and animala, 
^ . r 2 
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(JombnstioD, and oAer processes. A certain atmospheric equilibrium 
is thus maintained, consequent on the difference in vegetable and 
animal r.espiration, the former giving out oxygen, which the latter 
consumes. 

213. Oxrgcn (0) is another element of plants. Air contains about 
21 per cent, of it. Every 9 lbs. of water contain 8 of oxygen, and it 
is combined with various elements, so as to form a great part of the 
solid rocks of the globe, as well as of the bodies of animals and man. 

214. It is chiefly in its state of combination with nrdrogen (H), so 
os to form water (HO), that oxygen is taken up by plants. Hydrogen 
is not found in a free state in nature, and with the exception of coal, 
it does not enter into the composition of the mineral masses of the 
globe. It forms J of the weight of water, and it is present in the 
atmosphere in combination with nitrogen. Hydrogen is also famished 
by sulphuretted hydrogen, and some compounds of carbon. Carbonic 
acid and water existing to a large extent in the atmosphere, vegetables* 
can thence also derive carbon, oxygen, and hydrogen, which enter so 
extensively into their constitution. 

215. iVtoogen (N) is another element found in plants. It forms 79 
per cent of the atmosphere, and abounds in animal tissues. It is 
therefore requisite for the purposes of animal life that nitrogen be 
furnished in food. Those vegetables containing the greatest quan¬ 
tity of nitrogenous matter are the most nutritive. Animal matters, 
during their decay, give off nitrogen, combined with hydrogen, in the 
fjrm of ammonia (NIP), which is absorbed in large quantities by 
carbon, is very soluble in water, and seems to be the chief source 
whence plants derive nitrogen. In tropical countries where thunder¬ 
storms are frequent, the nitrogen and oxygen of the air are sometimes 
made to combine, so as to produce nitria acid, (NO®) which, either in 
this state, or in combination with alkaline matters, furnishes a supply 
of nitrogen. Daubeny thinks that the ammonia and carbonic acid in 
the atmosphere are derived in part from volcanic actions going on in 
the interior of the globe. The continued fertility of the Terra del 
Lavoro, and other parts of Italy, is attributed by him to the disengage¬ 
ment of ammoniacal salts and carbonic acid by volcanic processes 
going on underneath; and to the same source he traces the abundance 
of gluten in the crops, as evidenced by the excellence of Italian 
macaroni. 

216. Mulder maintains thht the ammonia is not carried down from 
the atmosphere, but is produced in the soil by the combination 
between the nitrogen of the air, and the hydrogen of decomposing 
matters. The same thing takes place, as in natural saltpetre caverns 
of Ceylon, with this exception, that, by the subsequent action of oxygen, 
ulmic, humic, geio, apoorenic, and crenic acids, are formed in place of 
nitric acid. These acids consist of carbon, oxygen, and hydrogen, in 
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dififerent proportions, and they form soluble salts with ammonia. By 
all porous substances like the soil, ammonia is produced, provided they 
are moist, and filled with atmospheric air, and are exposed to a certain 
temperature. It is thus, he states, that moist charcoal and humus 
become impregnated with ammonia. 

217. These four elementary bodies then are supplied to plants, chiefly 
in the form of carbonic acid (CO“), water (HO), and ammonia (NH®). 
In these states of combination they exist in the atmosphere, and hence 
some plants can live suspended in the air, without any attachment to 
the soil When a volcanic or a coral island appears above the watere 
of the ocean, the lichens which are developed on it are nourished 
in a great measure by the atmosphere, although they subsequently 
derive inorganic matter from the rocks, to which they are attached. 
Air plants, as Bromelias, Tillandsias, and Orchidaceae, and many species 
of Ficus, can grow for a long time in the air. In the Botanic Garden 
of Edinburgh, a specimen of Ficus australis has lived in this condition 
for upwards of twenty years, receiving no supply of nourishment 
except that afforded by the atmosphere and common rain water, con¬ 
taining, of course, a certain quantity of inorganic matter. The follow¬ 
ing analysis was made of the leaves of this plant, in 1847, by my 
pupil, Mr. John Macadam 

Organic Inorganic 
• InltiOimUs. In 100 piuta. 


Petiole of former year’s growth, including; midrib. tf2'98 ... 17'02 

Three leaves of former yeai’s giwth. 86*24 ... 13*76 

Petiole of present year’s growth, with midrib. 92*65 ... 7*.3,> 

Seven leaves of present j ear’s giowth. 92*28 ... 7*7;J 


All were dried at 212° Fahrenheit 

In the Experimental Garden of Edinburgh, Mr. James M‘Nab has 
cultivated various plants, as Strelitzia augusta, currants, gooseberries, 
&c., without any addition of soil, and simply suspended in the air, 
with a supply of water kept up by the capillary action of a worsted 
thread. Some of the plants have flowered and ripened fruit. These 
experiments show that the atmosphere and rain water contain all the 
ingredients requisite for the life of some plants. Boussingault, from 
observations made on the cultivation of Trefoil, was led to the con¬ 
clusion, that under the influence of air and water, in a soil absolutely 
devoid of organic matter, some plants acquire all the organic elements 
requisite for growth. Messrs. Wiegman and Polstorf took fine quartz 
sand, burnt it to destroy any org.anic matter, digested it for sixteen 
hours in strong nitro-muriatic acid, and then washed it with distilled 
water. Various kinds of seeds, as barley, oats, vetch, clover, and 
tobacco, were then sown in it, and watered with distilled water, and 
all grew more or less. 

218. The elementary bodies already mentioned, in various states of 
combination, constitute the great ’bulk of plants. They occur iu the 
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form of binary compounds, as water and oily matters; ternary, as 
starch, gum, sugar, and cellulose; quaternary, as gluten, albumen, 
caseine, and fibrine. The latter compounds seem to require for their 
composition, not merely the elements already noticed, in the form of a 
basis, called Proteine (C^" N'"' O’® according to Mulder, or C* 

H®” N” O’* according to Liebig), but certain proportions of sulphur 
and phosphorus in addition; thus, albumen r=:10Pr. + 1P + 2S; 
fibrine = 10 Pr. q- 1 P q- 1 S; caseine = 10 Pr. q- 1 S. The 
tissues into the composition of which those proteine compounds enter, 
are tinged of a deep orange-yellow, by strong nitric acid. These 
compounds are highly important in an agricultural point of view, and 
the consideration of them will be resumed when treating of the appli¬ 
cation of manures. 

Inorganic Constituent?, and their Sources. 

219. The consideration of the inorganic constituents of plants is no 
less important than the study of their organic elements. The organic 
substances formed by plants are deoomjiosod by a moderately high 
temperature; they easily undergo putrefaction, especially when ex¬ 
posed to a moiot and warm atmo‘:pherc, and they have not been formed 
by human art. il’heir inorganic constitueijts, on the other Land, are 
not so easily decomposed ; they do not undergo putrefaction, and they 
have been formed artificially by the chemist. 

220. The combustible or organic part of plants, even in a dried 
state, forms from 88 to 99 per cent, of their whole weight. Conse¬ 
quently, the ash or inorganic matter frequently constitutes a very small 
proportion of the vegetable tissue. It is not, however, on this account 
to be neglected, for it is found to be of great importance in the 
economy of vegetation, not merely on account of its entering directly 
into the constitution of various organs, but also from assisting in the 
production of certain organic compounds. Some of the low'er tribes 
of cellular plants can exist apparently without any inorganic matter. 
Thus Mulder could not detect a particle of ash in Mycoderma vini, 
nor in moulds produced in large quantity by milk sugar. Deficiency 
of inorganic matter s, however, in general injure? the vigour of plants, 
and it will be Ibund that, in an agricultural point of view, they require 
particular attention—a distinct relation subsisting between the kind 
and quality of the crop, and the nature and chemical composition of 
the soil in which it grows. It has been shown by careful and repeated 
e.xperiments, that, when a plant is healthy and fairly ripens its seeds, 
the quantity and quality of the ash is nearly the same in whatever 
soil it is grown; and that, when two different species are grown in the 
same soil, the quantity and quality of the ash varies—the difference 
^ng greater the more remote the natural affinities of the plants are. 
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221 . 'Hie inorganic elements of plants and their eonibiniitions, are 
thus given by Johnston:— 


Chlorine (Cl.) comhined with metals foriniii'r 

chlorides. 

Iodine (I.) 

... mctalsi 

iodides. 

Dromiiie (lli.) 

inetv>ls 

bromides. 

f- 

... metals 

Buljihurets. 

Suliihur (S.) ( ... 

... hydrogen 

(sulphuiettcd hydrogen 
(hyd}o-sul])huric acid. 

i- 

... oxygen 

sulphuric acid. 

Pliospliorus ri’ ) 

... ox;\gon 

l)hf>>j)lioric acid. 

Dotii.«siuni (K.) -j"' 

oxygen 
... chlorine 

jjotassa. 

cliloridc of potassium. 

( •• 

, . oxygen 

soda. 

Sodium (Na.) J 

... eliloriiie 

fchlorido of sodium. 

( ■* 

\ (common salt.) 

Calcium (Ca) 

... oxygen 
. cliloiino 

lime. 

chloride of calcium. 

Ma/Xiiesium (M;;) 

... oxygen 

niugiiesia, 

Aluminum (A1) 

... oxygen 

alumina, 

Silica (8i) 

... oxygen 

siliea. 

Iron (i’c.) ) 

Manganese (Mn.) ^ 
Co|)]jeT (Cu.) ) 

oxygen 

suliduir 

(oxides 
•< and 
(sulphuiets. 


To these we may add Fluorine, whose presence in plants h.as been 
recently noticed by some writers. The e.xtraordinary attraction of 
this element for Silica renders it a matter of iiTipo^siliility to procure 
it in a separate state fjr examination. Jt i.s found in those vegetable 
structures in which Sihca abounds, as in the stems of tlie Gramineos, 
and Equisetacete. 

222. 'The quantity of inorganic matter or ash left by plants, varies 
in different species, and in different parts of the same plant. The 
dried leaves usually contain a large quantity, Saussure found 
that— 

Dried bark of Oak gave 

Dried leaves. 

Dried albiu'num.* 

Dried durameif... 

The dried leaves of Elm contain more than 11 per cent, of inorganic 
matter, while the wood contains less than 2 per cent.; the leaves of 
the Willow, 8 per cent., wood, 0-45; leaves of Beech, 6 69, wood, 
0’36; leaves of Pitch-pine, S o, wood, 0’25. Thu.s, the decaying 
leaves of trees restore a large quantity of inorganic matter to 
the soil. 

223. The following tables show the relative proportion of inorganic 
compounds present in the ash of plants:— 


00 of ash in 1000 

, oJ ... ... 

,4 . 

, 2 . 
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According to Spiengel, 1000 lbs. of wheat leave 11-77 lbs., and of wheat straw 
, 85-18 lbs. of ash, consisting of— 


Grain. 


Potash. 2-26 

Soda. 2-40 

lime. 0-96 

Magnesia. 0-90 

Alumina with trace of Iron. 0-26 

Silica. 4-00 

Sulphuric acid. 0-50 

Phosphoric acid... 0-40 

Chlorine. 0-10 


11-77 Ib.s. 


Straw. 


35-18 lbs. 


In 1000 lbs. of the grain of the Oat, are contained 25 80 lbs., and of the dry- 
straw 67-40 lbs. of inorganic matter, consisting of— 


Grain. 


Straw. 


Potash. 1-50 

Soda. 1-32 

Lipie. 0-80 

Magnesia. 0-C7 

Alumina. 0-14 

Oxide of Iron. 0-40 

Oxide of Manganese. 0-00 

SUica.19-76 

Sulphuric acid. 0-35 

Phosphoric acid. 0-70 

Chlorine... 0-10 


8-70 
0-02 
1-62 
0 22 
0-06 
0-02 
0 02 
45-88 
0 79 
0-12 
0-05 


25-80 lbs. 57-40 lbs. 


In 1000 lbs. of the field Bean, field Pea, and Rj-e-grass hay, after being dried in the 
air, the following is the amount of ash, and its composition;— 



Field 

Bean. 

Field Pea. 

Kye-crass. 


Seed 

Straw. 

Seed. 

Straw. 

Huy. 

Potash. 

...4-15 . 

. 16-56 

... 8-10 . 

. 2 35 . 

.. 8-81 

Soda. 

...8-10 . 

. 0 50 .., 

... 7-39 . 

. - .. 

... 8-94 

Lime. 

...1-65 . 

. 6-24 .., 

... 0-58 . 

27-30 .. 

... 7-34 

Magnesia. 

...1-58 . 

. 2-09 .. 

... 1'3C . 

. 3-42 .. 

. . 0-90 

Alumina... 

...0-34 . 

. 0-10 .., 

... 0-20 . 

. 0-60... 

... 0-31 

Oxide of Iron. 

... - . 

. 007 .. 

... 0-10 . 

. 0«0 .. 

... - 

Oxide of Manganese.. 

... - . 

. 0-05 ... 

... - . 

. 0-07 .. 

— 

Silica. 

...1-26 . 

. 2-20 

... 4-10 . 

. 9-96 .. 

... 27-72 

Sulphuric acid. 

...0-89 . 

. 0-34 .. 

... 0-53 . 

. 3-37 .. 

...■ 3-53 

Phosphoric acid. 

....2-92 . 

. 2-20 .. 

... 1-90 . 

.. 2-40 .. 

... 0-25 

Chlorine.. 

....0-41 . 

. 0-80 .. 

.... 0-38 . 

,. 0-04 .. 

... 0-06 


21-36 

31-21 

24-64 

49 71 

52 86 


224. Dr. R, D. Thomson gives the folio-wing analysis of the inorganic 
matter in the stem and seeds of Lolium perenne:— 
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Silica... .... 

Stem. 

.64-67 


Seed. 

42-28 


.12-61 


18-89 




8-12 




.. trace. 


_ 


3-61 


. 4-01 


6-31 


. C50 


18-66 


... 0-36 


2-10 


. 8-03 


4-80 

Soda.. . 



1-38 


225. These substances are variously combined in plants, in the form 
of sulphates, phosphates, silicates, and nlilorides. Some plants, as 
Wheat, Oats, Barley, and Eye, contain a large quantity of Silica in 
their straw; others, such as Tobacco, Pea-straw, Meadow-clover, 
Potato-haulm, and Sainfoin, contain much lime; while-Turnips, Beet¬ 
root, Potatoes, Jerusalem-artichoke, and Maize-straw, have a large 
proportion of salts of potash^nd soda in their composition. Sulphates 
and phosphates are required to supply part of the material necessary 
for the composition of the nutritive proteine compounds found in grain. 

226. silica abounds in Grasses, in Equisetum, and other plants, 
giving firmness to their stems. The quantity contained in the Bamboo 
is very large, and it is occasionally found in the joints in the form of 
Tabasheer. Eceds, from the quantity of siliceous matter the}' contain, 
are said, during hurricanes in warm climates, to have actuaUy caused 
conflagrations by striking against each other. In the species of 
Equbetum, the silica in the ash is as follows:— 


Ash. Silica. 

Equisetum arvenfic.13*84 6'38 

—— limosum.15 60 6*50 

—— In^emale...11*81 8*75 

- - Tcimatcia.23*61 12*00 


The third of these furnishes Dutch Eeed, used for polishing mahogany. 
The silica is deposited in a regular manner, forming an integral part 
of the structure of the plant. Many insoluble matters, as silica, seem 
to be deposited in cells by a process of decomposition. Thus, silicate 
of potash in a vegetable sap may be mixed with oxalic acid, by which 
oxiate of potash, and silicic acid will be produced, as in the cells of 
Grasses and Equisetum. Chara translucens has a covering of silicic 
acid, while C. vulgaris has one composed of silicic acid and carbonate 
of lime; and Chara hispida has a covering of carbqpate of lime 
alone. Silica, the only known oxide of Silicon, contains 22'18 
parts silicon, and 24 parts oxygen. It b in reality an acid, and a 
very poweiful one. Its insolubility in water prevents the manifesta¬ 
tion of its acid properties under ordinary circumstances. In those 
plants in which silica most abounds. Fluorine has also been discovered. 

•The test for the presence of the latter rests in acting on the fluorine 
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in its combination with silicon, by concentrated sulphuric acid, and so 
producing hydrofluoric acid, which possesses the property of fixing 
etches on glass; the glass to be engraved being coated with etching 
ground or wax, and tlie design traced in the usual way with a pointed 
instrument. 

227. iJme is found in all plants, and in some it exists in large 
quantity. It f)c'curs sometimes in the form of carbonate on the sur¬ 
face of plants. Thus, many of the Cliaracete have a calcareous encrus¬ 
tation. The crystals or raphides 18) found in the cells of plants, 
have lime in their composition. In the roots of Turkey and East India 
Ehubarb, the crystals of o.xaiate of lime have been estimated at about 
25 p’er cent, while in those of the English ])lant the proportion is 
iibout 10 per cent. In the Cactus tribe crysttils of the same kind 
have been observed, tlie presence of which, in excessive quantity, 
imparts brittleness to the stem of the old plant. 

228. Soda and PoinHh Occur abiindantljr in plants. They arc taken 

up from the soil in combination with acids. Those growing near the 
sea have a large proportion of soda in tlieir composition, while those 
growing inland contain potash. Various species of Siilsola, Salicornia, 
Ualimocnomum, and Kocliia, yield soda for coimncrciul purposes, and 
are called Halophytes (aAc, salt, and i)Iant). The young plants, 

according to Gobel, fiinnsh more soda than tlie old ones. There are 
certain species, as Armoria inaritima, Cochlearia officinalis, and Plan- 
tago maritirna, which are found both on the sea-shore, and Itigh on 
the mountains removed from the sea. In the former situation they 
contain much soda and some iodine; while in the latter, according to 
Dr. Dickie, potash prevails, and iodine disappears. 

229. Iron, mauaaneiH', niid Covpvr. especially the tw'o last, exist in 
small quantity in plants. Iron is met in the soil eilher as an oxide, 
a sulphuret, or a caiboiiiite. It usually occurs in the fornv of a 
jieroxide. Iron when lield in solution as a proto-carbonate is capable 
of being absoibed into the vegetable tissues. Coi'per was detected, 
by Sarzean, jn cofli'e. 

230. All these inorganic matters are derived in a state of solution 
from the soil, and plants are said to have, as it were, a power of selec¬ 
tion, certain matters being taken up by their roots in preference to 
others. Saussure made a series of experiments on this subject, and 
stated that when the loots of plants were put into solutions contain¬ 
ing various s#line matters in equal proportions, some substances were 
taken up by imbibition in larger proportion than others. Bouchardat 
doubts the accuracy of Saussure’s conclusions on this point, lie 
thinks that errors arose Ifoni the excretions of the plants and other 
causes. ■ He performed similar experiments with plants of Mint, which 
had been growing for six moutlis in water previous to experiment, 
and he found that in cases of mixed salts in water, the plant absorbed • 
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all in equal proportions. Daubeny states, that if a particular salt is 
not present, the plant frequently takes up an isomorphous one. 

2^. The differences in the absorption of solutions depend, per¬ 
haps, on the relative densities alone, and not on any peculiar selecting 
power in roots, for it is well known that poisonous matters are ab¬ 
sorbed as well as those which are wholesome. The following experi¬ 
ments show that poisonous matters in solutions, varying from half a 
grain to five grains to the ounce of water, are taken up by roots, and 
that some substances which are poisonous to animals do not appear to 
act energetically upon plants:— 


Chloride of zinc, 
Sulphate of zinc, 
Sulphate of copjjer, 
Nitrate of copper, 
Acetate of copper. 

Bichloride of mercury, 

Arsenious acid, 

Arseniato of potash, 
Acetate of lead. 

Bichromate of potash, 

Nitratc& sulphate ofiron, 
Chloride of barium. 
Nitrate of baryta. 

Nitrate of strontia. 

Muriate, sulphate, andl 
nitrate of lime, / 

Sulphate and muriatet 
of magnesia, / 

Phosphate of soda. 
Chloride of sodium 


Growinf' Plants 
beans, 

cabbages and wheat, 
beans, 
beans, 
cabbages, 
f beans, 

< wheat, 
t cabbages, 
cablrages and vrheat, 
barley and cabbages, 
beans, 

cabbages, beans, barley, 

beans, 

beans, 

cabbages and wheat, 
beans, 

beans, 

beans and cabbages, 

beans and cabbages, 
beans and cabbages. 


[ quickly destroyed. 


} weak solutions did not de¬ 
stroy. 

destroyed in a few days. 

( destroyed unless much dl- 
{ luted, 

destroyed in a few days. 

j- quickly destroyed. 

f plants uninjured, except so- 
( lution strong. 

{ improved when very di¬ 
luted. 

j injured, and if strong de- 
( stroyed. 

j- no injury when (filuted. * 


232. Botaiion of Crops. —As the inorganic materials which enter 
into the composition of plants vary much in their nature and relative 
proportions, it is evident that a soil may contain those necessary for 
the growth of certain species, while it may be deficient in those 
required by others. It ft on this principle that the rotation of crops 
proceeds; those plants succeeding each other in rotation which require 
different inorganic compounds for their growth. In ordinary cases, 
except in the case of very fertile virgin soU, a crop, by being constantly 
grown in successive years oi) the same field, will detariorate in a 
marked degree. Dr. Daubeny has put this to the test of experiment, 
by causing plants to grow on the same and different plots in successive 
years, and noting the results:— 
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Potatoes, 

Flax, 

Beans, 

Barley, 

Turnips, 

Oats, 

This shows a manifest advantage in shifting crops, varying from 1 to 
75 per cent.; the deficiency of inorganic matter being the chief cause 
of difference. As this matter is shown to be of great importance to 
plants, it follows that the composition, of soil is a subject requiring 
special notice. 


fin the some plot. 

(in different plots. 

Averaffe of 6 jTi 

. 92-8 — — 

. 16-0 lbs. 


. 19-9 


. 82-8 


. 34-8 


. 30-0 

't different. 

. 46-5 

fsame.... 


"i different. 


(same. 


tdifferent. ; . 

. 32-4 


CHEMICAL COMPOSITION OP SOILS. 

233. Soils have been divided in the following way, according to 
the proportion of clay, sand, and lime, which they possess:— 

1. Argillaceous soils, pos-scssing little or no calcareous matter, and 
above 60 per cent of clay. 

2 Loamy soils, containing from 20 to 60 per cent of clay. 

3. Sandy soils, not more than 10 per cent, of clay. 

4. Marly soils, 6 to 20 per cent, of calcareous matter. 

5. Calcareous soils, more than 20 per cent, of carbonate of lima. 

6. Humus soils, in wliicb vegetable mould abounds. 

Below the superficial soil there exists what is called subsoil, which 
Tories in its composition, and often differs much from that on the 
surface. Into it the rain carries down various soluble inorganic mat¬ 
ters, which, when brought to the surface by agricultural operations, 
as trenching and subsoil ploughing, may materially promote the 
growth of crops. The advantages of subsoil ploughing are dependent 
on the nature of the soil. By means of it the subsoil is loosened, 
so as to be easily acted upon by air and water, and the efficiency 
of the drainage is increased. It is not fitted for all soils, and in 
some instances it may do harm. A knowledge of the chemical as well 
as mechanical nature of soils affords to the agriculturist a certain 
guidance by which to direct his operations; since by the judicious 
application of manures, certmn deficiencies may be supplied, and by 
the admixture of soils they may be rendered the more suitable for 
the piuposes of vegetation. 

234. Bnmiu, or decaying woody fibre, exists in soils to a certain 
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amount. This has been called also ulmine, or cool of kumm. In a 
soluble state it forms humic and ulmic acid. Humus absorbs ammo¬ 
nia, and it is slowly acted upon by the atmosphere, so as to form 
carbonic acid by combination with oxygen. Peaty soils contain 
much of this substance. When peroxide of iron is present in such 
soils, it loses part of its oxygen, and is converted into the protoxide. 

285. Silica in gwater or less quantity, is found in all soils; but it 
abounds in sandy soils. In its ordinary state it is insoluble, and it 
■is only when acted upon by alkaline matter in the soil that it forms 
compounds which can be absorbed bjr plants. Silica, in a soluble 
state, exists in minute quantities in soils; the proportion, according 
to Johnston, varying from O'16 to 0 84 in 100 parts, while the 
insoluble siliceous matter varies from 60'47 to 83'31 in 100 parts. 
Wiegman and Polstorf found that plants took up the silica from a 
soil composed entirely of quartz sand, from which everything or¬ 
ganic and soluble had been removed. The following table shows 
the plants which germinated, the height to which they grew previ¬ 
ously to being analyzed, the quantity of silica they contained when 
planted, and the increase 


Barley. 

Height. 

...15 inches .. 

Silica in the ash. 

Seed. Plant 

0'034 . 0-355 .. 

Silica had 
tncreasod. 

. .. 10 times. 

Oats. 

.,18 — .. 

0-064 .. 

.. 0-354 ,. 

... 6* — 

Buckwheat. 

...18 — .. 

0-004 .. 

.. 0-075 .. 

... 18 — 

Vetch. 

...10 — .. 

0-013 .. 

.. 0-135 .. 

... 10 — 

Clover. 

... — . 

0-009 .. 

.. 0-091 .. 

... 10 — 

Tobacco..... 

... 5 — 

0-001 .. 

. 0-649 .. 

... 600 — 


236. Ainmtua exists abundantly in clayey soils, but it does not 
enter largely into the composition of plants. It has the power of 
absorbing ammonia, and may prove beneficial in this way. 

237. Inline is an essentisd ingredient in all fertile soils. In 1000 
lbs. of such soil, there are, according to Johnston, 56 lbs. of liuTe; 
while barren soil contains only 4 lbs. The presence of phosphoric 
acid in soils, in the form of phosphates of potass, soda, and lime, is 
essential for the production of certain azotised compounds in plants; 
and sulphtiric acid, similarly combined, is required for the formation 
of others. Calcareous soils contain upwards of 60 per cent of lime. 
The addition of lime to soils is often highly beneficial, by destroying 
noxious weeds and preventing disease in crops. In marly soils lime 
exists in the proportion of 5—20 per cent. In loamy soils lime is in 
smaller quantity. 

238. A rough way of estimating the general nature of a soil, is 
thus given by Professor Johnston:— 

1. Weigh a given portion of soil, heat it and dry it. The loss is water. 

2. Bum what remains. The loss is chiefly vegetable matter. 
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3. Add mnriatic acid to reaidne, and thus the quantity of lime may be de- 

termined. • _ 

4. Wash a fresh portion of soil to determine the quantity of insoluble sili¬ 

ceous sand. 

Such an analysis, however, is by no means sufficient for the pur¬ 
poses of the farmer. 

289. The chemical composition of a plant beingf known, conclusions 
can be drawn as to the soil most suitable for its growth. This is a 
matter of great importance both to the farmer and to the planter. 
In order that a plant may thrive, even in a suitable soil, exposure 
and altitude must also be taken into account. It is only by attention 
to these particulars that agricultural and foresting operations can be 
successful. As regards trees, the following practical observations are 
given as an illustration of what has been stated. The Scotch Fir 
thrives best in a healthy soil, incumbent on a pervious subsoil, and 
at a high altitude; Larch in loam, with a dry subsoil, in a high 
situation, and on sloping banks; Spruce and silver firs, in soft loam 
or peaty soil, in a low moist situation, but they will also grow in a 
dry soil, and in a pretty high altitude; Oak in any soil and situation 
under 800 feet above the level of the sea, but it thrives best in 
clayey loam, on a rather retentive subsoil, and on gently eloping 
ground; Ash and Elm, on a gravelly loam, on gravel or sand, at an 
altitude under 600 feet above the level of the sea; Sycamore, at 100 
feet higher than the ash or elm, and in a more retentive soil and 
subsoil; Beech, on a dry gravelly soil, and in a rather high situation, 
but it is often luxuriant on strong retentive clay, and in a low damp 
situation. 


APPLICATION OP MANUBE. 

240. If the soil does not contain the ingredients Required for a 
crop, they must be added in the form of manure. The principle of 
manuring is to supply what the plant cannot obtain from the soil, and 
to render certain matters already in the soil available for nutrition. 
In order that this may be properly practised, there must be an 
analysis of the soil, of the plant, and of the manure. Hence the im¬ 
portance of agricultural chemistry to the farmer. 


Various kinds of Manure. 

241. Naiurni Manure*, as farm-yard dung, are more valuable than 
simple manures; inasmuch as the former furnish aU the substances 
required for the growth of plants, while the latter only supply a 
particular ingredient. Natural manures may be regarded as confer¬ 
ring on the soil the most lasting advantage, as from the slowness of 
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tbeir decomposition their beneficial effects are not so readily ex¬ 
hausted. The plant itself, in a soluble state, would be the best man¬ 
ure. In ordinary farm-yard manure, the straw is again made avail¬ 
able for the purpose of the plant. The whole wop of wheat and oats, 
however, cannot be returned to the soil, as part must be retained for 
food. A substitute, therefore, must be found for the portion tlius 
taken away. This contains both azotised and unazotised matters, the 
former consisting of proteine compounds which supply nitrogen for 
the muscular tissue of man and animals; the latter of starchy, mucil¬ 
aginous and saccharine matters, which furnish carbon as a material 
for respiration and fat. The object of manuring is chiefly to increase 
the former, and hence those manures are most valuable which contain 
soluble nitrogenous compounds. 

242. The value of manures is often estimated by the quantity of 
gluten which is produced by their application. Hermbstaedt sowed 
equal quantities of the same wheat on equal plots of the same ground, 
and manured them with equal weights of different manures, and from 
100 parts of each sample of grain produced, he obtained gluten and 
starch in the following proportions:— 


Without manure. 

Gluten. 

. l)-2 

StarcTi. 

66'7 

Cow dung. 

. 12*0 


Pigeons’ do. 

. 12-2 

. . 6/1-2 

Horse do. 


(ii fi 

Goats' do.. 


42-4 

Sheep do. 

i2-9 

42 8 

Dried night soil , 

iS'l 

414 

Dried Ox blood.. 

. 34-2 

41 3 


24S- Manures containing ammonia, owe their excellent qualities to 
the nitrogen which enters into their composition; hence the value of 
sulphate of ammonia, ammoniacal liquor of gas-works, and urine. The 
value of guano, or the dung of sea-lbwl, depends chiefly on the ammo¬ 
niacal salts, and the phosphates which it contains; thus supplying the 
nitrogen and pliosphorus requisite for the proteine compounds which 
contain the elements of flesh and blood. The guano, which is imported, 
is the excrement of numerous sea-fowl which frequent the shores of 
^uth America and Africa. It often contains beautiful specimens of 
infusoria, as Campylodiscus, Coscinodiscus, &c. The guano found in 
caves on the coasts of Malacca and Cochin-China, is the produce of 
frugivorous and insectivorous bats, and of a species of swallow—the 
last being the best. 

244. The following analyses by Dr. Colquhoun of Crlasgow, which 
are the result of an examination of a large number of samples, give a 
general idea of the composition of guano. The term ammoniacal 
matter includes urate of ammonia and other ammoniacal salts, as 
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oxalate, pttosphate, and muriate, as well as decayed organic matter of 
animd origin. The term bam earth, includes phosphate of lime 
(always the principal ingredient), phosphate of magnesia (always in 
small amount), oxalate of lime; and in African guano, a minute 
quantity of carbonate of lime, and from ^ to 2 per cent, of fragments 
of sea-shells. The faced alkaline salts, are various salts of soda, as 
muriate, phosphate, and sulphate; a little of a potash salt has been 
detected. 

South American Guano. 


Fine ChlDclu). Uiddling. Inferior. Low (JnaUtle*. 


Atnmoniacal matter. 62 42 28 12 ...' IS 

Bone earth. 20 24 80 60 ... 87 

Fixed alkaline salts. 10 14 21 10 ... 6 

Bock, sand, earth. 0-5 . 6 . 8 . 15 ... S4 

Water. 7-6 . 15 . 18 . 13 ... 9 

1000 100 100 100 100 

African Guano. 

Best Ichaboe. Inferior. Low Qaalitr- 

Amaoniacai matter. 45 . 28 ...... 20 

Bone earth. 20 21 17 

Fixed alkaline salts. 12 16 14 

Bock, sand, earth. 1 3 25 

Water. 22 82 24 


100 100 100 

245. The guano from the islands on the British coasts, contains the 
same ingredients, but the soluble salts are generally washed put by 
the action of rain. The following is the analysis, by Dr. K D. 
Thomson, of guano gathered on Ailsa Craig:— 


Water. 60 30 

Organic matter and ammoniacal salts, containing 8-47 per cent. 

of ammonia. 12'60 

Phosphates of lime and magnesia. 12'10 

Oxalate of lime. 1 -60 

Sulphate and phosphate of potash, and chloride of potassium.... I'OO 
Earthy matter and sand. 15'00 


246. Stanple mannrca supply only one or two of the materials re¬ 
quired for the growth and nourisliment of plants. The ammoniacal 
liquor of gas-works, in a veiy diluted state, has been advantageously 
applied to the soil, on account of the nitrogen which it supplies. Soot 
has also been used, from furnishing salts of ammonia. Nitrates of 
potash and soda have been recommended not only on account of the 
'ies, but also on account of the nitrogen which they contain, in the 
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form of nitric acid. The quantity of gluten is said to be increased by 
the use of nitrates. Carbonate of potash and soda and chloride oj 
sodium, are frequently used as manures. The latter is especially use¬ 
ful in the case of plants cultivated inland, which were originally 
natives of the sea-shore, as Cabbage, Asparagus, and Sea-kale. As 
lime is found in all plants, the salts containing it are of great impor¬ 
tance. It may be used in the caustic state with the view of decom¬ 
posing vegetable matter, and aiding in the formation of carbonic acid. 
It also neutralizes any acid previously in the soil, as is said to occur 
occasionally in boggy and marshy land, abounding in species of Junous, 
Carex, and Eriophorum, with some Calluna vulgaris. Lime also 
combines with certain elements of the soil, and sets potash free, which 
reacts on the silica, and renders it soluble. Lime is sometimes washed 
down into the subsoil; and in such cases, trenching improves the land. 
Phosphate of lime is a valuable manure, both on account of the lime, 
and of the phosphorus which it contains. Without the presence of 
phosphates, gluten, and the proteine compounds of plants, cannot be 
formed. Phosphate of lime exists abundantly in animal tissues; and 
hence it must be furnished by plants. The use of bone-dust as a 
manure, depends in a great measure on the phosphate of lime which 
it contains. Besides phosphate of lime, bones contain about 3 per 
cent, of phosphate of magnesia, carbonate of lime, and salts of soda. 
The gelatine of bones also seems to act beneficially, by forming car¬ 
bonic acid and ammonia. Bones are best applied mixed with sulphuric 
acid, so as to give rise to the formation of soluble phosphates by de¬ 
composition. They are broken into pieces, and mixed with half their 
weight of boiling water, and then with half their weight of sulphuric 
acid. The mixture is applied to the soil, either in a dry state by 
the drill, with saw-dust and charcoal added, or in a liquid stat^Huted 
with 100 to 200 waters. Phosphates and other inorganic matters, 
sometimes exist potentially in the soil, but in a dormant state, re¬ 
quiring the addition of something to render them soluble. Allowing 
the ground to lie fallow, and stirring and pulverizing it, are methods 
by which air and moisture are admitted, and time is allowed for the 
decomposition of the materials, which are thus rendered available for 
plants. Sulphur exists in considerable quantity in some plants, as 
Cruciferte, and it forms an element in ^bumen; hence the use of 
sulphuric acid and of sulphates as manures. Sulphate of lime or 
gypsum, is well fitted as a manure for clover. It acts m supplying 
sulphur and lime, and in absorbing ammonia. Charcoal in a solid 
state, has been applied with advantage as a manure. It acts partly 
by taking up ammonia in large quantities, and partly in combining 
slowly with oxygen, so as to form carbonic acid. The effects of car¬ 
bonic acid on vegetation are said to be remarkably conspicuous in 
some volcanic countries, in which this gas is evolved from the bottom 
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of lakes. When it acoumulatss in large quantities, however, it destroys 
pi^ts as well as animals. 

247. mbmarinK witii ctreen Craps is sometimes practised. The 
mode Adopted is to sow certain green crops, the roots of which extend 
deeply into the soU; and when the plants have advanced considerably 
in growth, to plough them in, and sow a crop of some kind of grain. 
In this way the nutritive matter from the deeper part of the soil is 
brought within reach of the roots of the grain crop. Manuring with 
sea-weeds is also resorted to in oases where they are accessible. They 
supply abundance of carbonate, phosphate, and sulphate of lime, besides 
chloride of sodium. There are considerable differences in their chemical 
composition ; thus, while in Laminaria saccharina, alkaline carbonates, 
potash, and iodine, predominate; in Fucus vesiculosus and serratus, 
sulphates and soda are in excess, and iodine is less abundant In the 
cultivation of the Coco-nut Palm, Mr. M‘Nab finds that sea-weeds act 
very beneficially. 

248. Cifqiiid manure* have of late years been much employed, and 
the formation of tanks for their reception has been strongly r#om- 
mended, in which the ammonia is fixed by the addition of sulphuric 
acid or charcoal. They can be applied after vegetation has advanced, 
and they are in a state to be made at once available to the crop. More 
recently some have advocated a system of steeping seeds and grains in 
certain solutions before sowing them. Professor Johnston suggests 
a mixture of phosphate of soda, sulphate of magnesia, nitrate of potash, 
common salt, and sulphate of ammonia (1 lb. of each), in ten gallons 
of water, to steep 300 lbs. of seeds, which are to be afterwards dried 
with gypsum or quicklime. 

249. The following experiment, conducted by Mr. Wilson, at Knock, 
near L^gs, shows the mode of estimating the effects of manures. The 
land was a piece of three-year old pasture, of uniform quality. It was 
divided into ten lots, and these were treated with different kinds of 


manure. 

1 _ 

The quantity of well-made hay is given 

in lbs. 

Produce 
per Lot 
.. . 420 

Rate 
per Acre. 

ii 

2_ 

2} barrels Irish quicklime . 

.... G02 ... 

.. 4816 


8 — 

20 cwt Lime of gas-works . 

.... 051 ... 

.. 6208 

(( 

4.— 

4j cwt Wood charcoal powder.. 

. 065 ... 

.. 6320 

14 

6.— 

2 bushels Bone-dust. 


.. 5644 

44 

6 _ 

18 lbs. Nitrate of potash . 

.... 742 ... 

.. 6936 

44 

7.— 

20 lbs. Nitrate of soda. . 

.... 784 ... 

.. 6272 

44 

8.— 

2J bolls Soot . T . 

.... 819 ... 

.. 6652 

44 

9— 

28 lbs. Sulphate of ammonia . 

.... 874 ... 

.. 6776 

44 

10.— 

100 gallons Ammoniacal liquor of gas-works. | 





6° Tweddell’s hdyromctor...f ' 

• ••• ... 



The value of each application was the same, all were applied at the 
eaiu»^pe, and the grass also was cut at the same time. 
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250. Plants are thus employed to form from the atmosphere and 
soil those organic products which are requisite for the nourishment of 
man and animals. Nutrition derivable from the atmosph^e being 
generally diffused, is accessible to all plants, and is perpetually renewed. 
Nutrition derivable from the soil being fixed to certain localities, re¬ 
quires that those elements contributing to it, as they become exhausted, 
be mechanically supplied. While an animal consumes carbon so as to 
form carbonic acid, gives off ammonia in various excretions, transforms 
organized into mineral matters, and restores its elements to air and 
earth; a plant, on the other hand, fixes carbon in its substance and 
gives OS’ oxygen, forms from ammonia solid compounds, transforms 
mineral into organized matters, and derives its elements from the air 
and earth. Thus, says Dumas, what the atmosphere and soil yield to 
plants, plants yield to animals, and animals return to the air and earth, 
a constant round in which matter noerely changes its place and form.* 

BP1PHTTIC AND PAEASITIC PLANTS. 

All. Some plants grow without any attachment to the soil, and are 
able to derive in a great measure, from the atmosphere, all the ma¬ 
terials required for their growth. Such plants are called Epiphytes (ex;, 
upon, and /firov, a plant), or air-plants, and may be illustrated by the 
Tillandsias, Bromelias, and Orchids of warm climates. Such plants, 
when attached to the surface of trees, may perhaps derive some nourish¬ 
ment from the inorganic matter in the decaying Jjark; but they do 
not become incorporated, so to speak, with the trees. Orchidaceous 
plants, which are always perennial, arc found in the greatest variety 
and profusion in those regions where heat and moisture abound. 
Extremes of cold or dryness are the least favourable to their growth. 
'J'illandsias and Bromelias flourish in dry hot air without any contact 
with the earth. 

252. There are other plants, however, which are true Parasites (a-aja, 
beside, and aho;, food, deriving food from another), sending prolonga¬ 
tions of their tissue into other plants, and preying upon them. Many 
Fungi, for instance, develop their spores (seeds) and spawn (mycelium) 
in the interior of living or dead plants, and thus cause rapid decay. 
The diseases of com, called smut and rust, and the dry rot in wood, are 
due to the attacks of these parasitic Fungi. The minute dust or powder 
produced by these plants, consists of mUlions of germs which are easily 
carried about in the atmosphere, ready to fix themselves on any plants 
where they can find a nidus. There are also flowering plants which 

• For fuller particulars as to the food of plants, analyses of plants, soils, manures, and rota- 
tion of cTOTs, see Johnstou's Lectiirea on Agricultural Chemistry; Lleblfr’s Works? Dumas on 
Organic Nature; Da^’s Agricultural Chemistry, by l^er; MUider’s Chemist^ of Organic 
Bodies, translated by Fromberg; and various Pa^rs In Quartei^ Journal of Agriculture, 
1844—46; Saussure’s Works; Daubeny on Botatton of Crops, PhiL Trans. 1845; Bousaiiigault, 
Bconomie Borale. 
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grow parasitioally, and they may be divided into two classes ; 1. Those 
which are of a pale or brownish colour, and have scales in place of 
leaves; and 2. Those which are of a green colour, and have leaves. 
The former, including Orobanohe or broom-rapes, Lathrjea or tooth- 
wort, Cuscuta or dodder, derive their nourishment entirely from the 
plant to which they are united, and seem to have little power of 
elaborating a peculiar sap; while the latter, as Loranthus, Viscum 
or mistleto, Myzodendron, Thesium, Euphrasia, Melampyrum, and 
Buchnera, expose the sap to the action of air and light in their leaves, 
and thus allow certain changes to take place in it. The Mistleto; 
from its power of elaboration, is able to grow on different species of 
plants, as on the apple, beech, oak, &c. Some of these parasites are 
attached to the roots of plants by means of suckers, as in the case of 
Broom-rapes, Toothwort, and Thesium; while others, as Dodder, 
Mistleto, &c., feed upon the stems. The plants to which the parasites 
are attached give origin frequently to their specific names. The 
species of Cuscuta or dodder, inhabit all the temperate and warm parts 
of the globe, and are peculiarly destructive to clover and lint. TPey 
are produced from seed which at first germinates in the soil like other 
plants; but after the stem has coiled closely round another plant, and 
becomes attached to it by means of suckers then all connection with the 
soil ceases, and the Dodder continues its life as a parasite. A remarkable 
tribe of parasites, called BafBesias, has been found in Sumatra and 
Java. They are leafless, and produce brown-coloured flowers, which 
are sometimes thrift feet in diameter. On account of their only pro¬ 
ducing a flower and root, they are denominated Ehizanths a root, 
and dyhc, a flower). 


2.—AbSOEPWOB ABD ClEOClJlTIOB OP FLUIDS. 

253. While the leaves and other aerial organs of plants have the 
power of absorbing fluids, it is chiefly in the roots that this process take^ 
place. The cells of the spongioles or fibrUs of the roots, are covered 
by a very delicate membrane 120), which allows the imbibition of 
fluids to proceed rapidly; and as additions are made to their extremi¬ 
ties, they are constantly placed in circumstances favourable for the 
reception of fresh nutriment. This nutriment is supplied to the plant. 
Animals having the power of locomotion are enabled, as they exhaust 
one locality of its nutrition, to remove to another. Plants being fixed, 
would speedily perish from want of nourishment in the surrounding 
soil, had not nature, while supplying by many sources the deficiencies 
their consumption occasions, at the same time enabled them to send 
roots to considerable distances in search of the requisite food. The 
nuteitjiB materials in the soil, partly derived from the decomposition 
of ai|!mlc and inorganic materials, and partly from the atmosphere, 
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are supplied to the roots in a state of solution; and as the substances 
in the cells of plants are usually denser than the external fluid matters, 
a process of endosmose takes place by -which the latter pass through 
the cell-membrane in large quantities, while a small portion of the 
former is given ofif or excreted by exosmose. These movements 
have already been alluded to as taking place between fluids of different 
densities, when separated by an animal or vegetable membrane (*|f 27). 
They are referred by some to electrical agency, and they perform an 
important part in the motions of vegetable fluids. 

254. Endosmose and Exosmose, then, are the names given to the 
phenomena of mixture through a membrane accompanied with change 
of volume; the former being given when the volume 
increases by an in-going strong current, the latter Vhen 
the volume diminishes by an out-going weak current. 

In most cases, but not dl, the dense fluid increases. 

The rapidity of the mixture depends on the position 
which the denser fluid occupies being quicker when it 
is ^^permost. In fig. 222 is represented the mode of 
showing endosmose by means of a bladder full of 
syrup, which is attached to the end of a tube and 
immersed in water. In this case the water passes 
rapidly into the bladder by endosmose, so that the fluid 
rises in the tube, while a portion of the thicker fluid 
passes out by exosmose. The force of this endosmose 
may be measured by a graduated tube, as in the figure, 
or by a tube with a double curvature, as fig. 224, the 
lower part of which is filled with mercury. In the 
latter case, the mercury is pushed upwards into a 
graduated tube, and thus an endosmosraeter (/tsTjov, a 
measure), or measure of the force of endosmose, is formed. 

255. Dutrochet found that with a membrane of 40 millimetres* in 
diameter, a tube o‘f 2 millimetres, and a solution of sugar, the density 
of which was 1 '083, the fluid rose 39 millimetres in the space of an 
hour and a-half; with syrup, of density lT4o, the rise was 68 milli¬ 
metres ; and with syrup, of density r‘228, the rise was 106 millimetres. 
Syrup of density 1'3, produced a current capable of raising a column 
of mercury of 127 inches, which is equal to a pressure of 4^ atmos¬ 
pheres. Thus the velocity and force of the rise depends on the excess 
of density of the interior liquor over that of the water outside. Different 
substances act with various intensity ih producing endosmose. The 
following ratio expresses the variable intensity of endosmose, in different 

* A millimetre is stoat l-3Stb of an Engliab inch. 

Figf. 223 Instrument to show Endosmoee and Exosmoee, conelsting of a bladder oontaining 
iyrup attached to a tube^ and plunged In a vessel of water. The inward motion of the water 
(endosmose) exceeds the outward movement the sjrrap (exosmose). 
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cases in which the density of the solution was the sameSolution 
of gelatine, 3; of gum, 5‘17; of sugar, 11; of albiunen, 12. In 
order that endosmose and exosmose may take place, the liquids must 
have an affinity for the interposed membrane, and an affinity for each 
other, and be miscible. According to Matteucci and Cima, the inter¬ 
posed membrane, whether animal or vegetable, is very actively con¬ 
cerned in the intensity and direction of the endosmotic current. The 
different surfaces of membranes also act variously, and it is probable 
that the physiological condition of the membrane has an important 
effect. 

256. The fluid matters absorbed by the roots are carried upwards 
through the cells and vessels of the stem, under the form of ascending 
or crude sap; they pass into the leaves, where they are exposed to the 
influence of air and light, and afterwards return through the bark in 
the form of descending or elaborated sap, and a portion of them 
ultimately reaches the root, where it is either excreted or mixed with 
the new fluid entering from the soil. The presence of light is essential 
for the elaboration of the descending sap. Vegetable growth caAot 
progress unless the vegetable circulation be perfectly accomplished. 
This act of vegetable vitality may, however, be effected while the 
plant is removed from the action of light, but the oxygenation of the 
juices cannot be perfected without their free exposure to its in¬ 
fluence. 

257. Ascendlag or Crude gap.— In order to show the course of the 
fluids in exogenous stems, numerous experiments have been performed 
by Walker, De la Baisse, Burnett, Schultz, and others. I'hese con¬ 
sisted in making incisions or notches in the bark and wood of trees at 
different heights, and noting the points where the sap made its appear¬ 
ance at different periods of the year, more especially in spring; also in 
plunging plants with their roots entire into certain coloured solutions, 
and marking the course of the coloured fluids. These experiments 
led to the conclusion that the sap ascends chiefly through the alburnum 
or newer wood, proceeds along the upper side of the leaves, and re¬ 
turns by their lower side to the bark and root. If incisions are made 
into the trunk of a tree at diflerenfr heights early in spring, it is found 
that the discharge of sap takes place, first from the lower parts of the 
incisions, and chiefly from the alburnum; while at a later period of 
the year the discharge, or the bleeding, occurs on both sides of the 
incision, chiefly from the new wood on the lower side, and from the 
bark on the upper side. If a plant be plunged into a weak solution 
of acetate of lead (which is capable of being absorbed), the metal may 
be detected, first in the new wood, next in the leaves, and then in the 
bark. In cellular plants, where this division of structures does not 
exist, the sap appears to equally permeate each cell, and to generally 
diffuse itself throughout the plants. 
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258. From th# minuteness of the tissue, and the difficulty of ex¬ 
amining the circulation in a living plant, it is not easy to determine the 
vessels through -which the sap moves. In its upward course, it appears 
to pass through the intercellular spaces, the recent woody tissue and 
the porous vessels, and in its downward course through the laticiferous 
vessels and cellular tissue of the bark, being also transmitted laterally 
through the cells of the medullary rays. In some cases, when the 
bark has been removed, and the tree continues to live, the descent or 
fall of the sap takes place by the cells of the medullary rays. In the 
course of this circulation, the sap nourishes the different organs, its 
carbonic acid and water are partly decomposed, combinations take 
place with nitrogen, protoplasm or formative matter is produced, and 
various secretions are formed in the cells and intercellular passages. 

259. Gaseous matters are taken up by the roots of plants and cir¬ 
culated along with the sap, as well as in the spiral vessels. These 
usually consist of common air, carbonic acid, and oxygen. Hales 
showed the existence of a large quantity of air in the vessels of the 
Ving, and Geiger and Proust have proved that the sap of this plant 
contains much carbonic acid. In some aquatic plants, as'Pontedcria 
and Trapa, there is a quantity of air contained in the vessels or inter¬ 
cellular spaces, with the view of floating them. In Vallisneria, the 
largo cells in the centre of the leaves are surrounded by air cavities, 
which are .seen as dark lines under the microscope. When cut, the air 
comes out in bubbles, and this c.scape will continue under ^ater for 
several days, from the part of the leaf attached to the plant, when 
exposed to the light. An ounce of air has been collected from two 
leaves of the plant in six days. This air, as well as that contained in 
sea-weeds, does not enter by stomata, for none exist, but must be 
taken up by the cells probably in solution. 

260. Changes take place in the composition and density of the sap 
in its upward course, but the chief alterations take place in the leaves. 
There it is exposed to the influence of light and air, by means of which, 
as will afterwards be seen, carbon and hydrogen are fixed, oxygon is 
given off, and an exhalation of watery fluids takes place. The sap 
becomes denser, and consequently the process of endosmose is pro¬ 
moted, so that the fluids pass from cell to cell along the upper surface 
of the leaf, and are gradually propelled into the lower cells, where 
they are acted upon by the air through the stomata, and are ultimately 
sent into the -vascular and cellular tissue of the bark, where further 
changes take place. Walker, from his experiments, has concluded 
that until after the development of the leaves no descent takes place.* 

261. Elaborated or Deacending Sap. —The elaborated Sap is some¬ 
times clear and transparent, at other times it is milky or variously 
coloured and opaque. By Schultz it has been called latex, and the 

• Walier’e Exp. on Motion of Sap in Treca. Trana. Boy. Soa Eflln. 1. a 
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vessels transmitting it have been denominated IcUiciferous (IT 38). The 
latex contains granules, which exhibit certain movements under the 
microscope. These were first noticed by Schultz, who has written a 
very elaborate treatise on the subject.* Carpenter considers such 
movements as analogous to those observable in the capillary circulation 
of animals. On account of these movements in the latex, the latici- 
ferous vessels have been denominated Cinenchymatous (K/nta, I move), 
and the movements themselves are included under the name Cyclosis 
(kijkMs, a circle.) Schultz looks upon the latex as a fluid of vital im¬ 
portance, and similar to the blood in animals. His views are opposed 
by Mohl, Tristan, and Treviranus, who consider the latex as a granular 
fluid containing oil, resin, and caoutchouc, which exhibits molecular 
movements only when injury is done to the vessels containing it. 

262. The plants in which the movements are best observed, are those 
in which the latex is milky or coloured, such as various species of 
Ficus, Euphorbia, and Chelidonium. In fig. 223 there is represented 
a small fragment of a leaf of 
Chelidonium majus (celandine), 
which shdVs the current of 
orange granules in the lati- 
ciferous vessels, their direction 
beingindicatedbyarrows. Ob¬ 
servation seems to confirm the 
truth of Schultz’s statements. 

It is true, as Mohl remarks, 
that anyinjurydone to the part 
examined causes peculiar os¬ 
cillatory movements, which 
speedily cease. Thus if the 
young unexpanded sepal of 
the Celandine is removed from 
the plant, and put under the 
miyoscope, or if the inner 
lining of the young stipule of 
Ficus elastica be treated in a 
similar manner, very obvious 
motion is seen in the granular 
contents of the vessels, and this'motion is affected by pricking the 
vessels or by pressure. In order to avoid fallacy, however, if the 
microscope be applied to the stipules of Ficus elastica, while still 
attached to the plant and uninjured, it will be remarked that, while 

J Nova acta Acadcmlie C*sar. Lcopold-Carol. Naturte Cniios. tom. xviii. 

Hg. 223.—Small portions of the leaf of Chelidoninm majns or Celandine, (highly magnUed), 
showing a net-work of laticiferous veseela lire diiecuoa of the caireata In the vessels Is Indi¬ 
cated by the arruwa 
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pressur# with any blunt object on the stipule causes a marked 
oscillation in the vessels showing their continuity, there will, never¬ 
theless, be observed a regular movement from the apex towards the 
base, independent of external influences, when the stipule is simply 
allowed to lie on the field of the microscope without any pressure or 
injury whatever. This movement has been observed to continue for 
at least twenty minutes, and there is no doubt it might have been 
observed longer. It is of importance to distinguish between those 
molecular movements which are caused by injury and pressure, and 
those which depend on processes going on in the interior of the 
living plant. Those experiments, though by no means complete, 
lead at present to the adoption of Schultz’s opinion relative to the 
existence of cyclosis. 

263. The elaborated sap descends partly by the vessels of latex, and 
•partly by those of the liber. It has been said that there is sometimes 
a difference in the sap contained in these two kinds of vessels. Occa¬ 
sionally, as in Euphorbia canariensis, the elaborated sap has acrid 
properties, while the ascending sap is bland and wholesome. The 
elaborated sap contributes to the fermation of the cambium, which is 
produced between the bark and wood of exogens. 

264. It appears, then, that in the case of Exogenous plants, the 
fluid matter in the soil, containing different substances in solution, is 
absorbed by the extremities of the roots, ascends to the stem, passes 
through the woody tissue, porous vessels and cells, dissolving and ap¬ 
propriating various new substances. Proceeding upwards and out¬ 
wards, this sap reaches the leaves and the bark, where it is exposed 
to the air, and is elaborated by the function of respiration. It then 
returns, or descends chiefly through the bark, either directly or in a 
circuitous manner, commuaicating with the central parts by the 
medullary rays, depositing various secretions, more especially in the 
bark, and giving origin to substances which are destined to nourish 
and form new tissues. Finally, it reaches the extremity of the root, 
where absorption had commenced; a small portion is there excreted, 
while the remainder mixes with the newly-absorbed fluids, and again 
circulates in the sap. The rapidity with which the sap ascends is 
dependent on the endosmotic property of the cells in the roots, and 
on the density of the fluids. An absorption of water containing 
various matters in solution is constantly going on through the ex¬ 
tremities of the rootlets. This crude sap is carried forward through 
the cells, vessels, and intercellular passages, by a force which acts by 
propulsion. Tlie stimulus of light, acting on the cellular tissue of the 
leaves, enables them to elaborate the organic compounds which are 
necessary for vegetable nutrition. The leaf-action may be reckoned 
one of attraction or suction Transpiration gives rise to a constant 
now of fluids to supply the place of those exhaled. 
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265. In the case of Endogenous plants, observations axe still wanting 
by which to determine the exact course of their fluids. The vascular 
bundles contain woody vessels, which probably are concerned in the 
ascent of the sap, and vessels equivalent to those of the bark and of 
the latex, which serve for the descent of it. The cellular tissue is also 
probably concerned in the movements. Cambium is produced in 
these plants in the neighbourhood of the vascular bundles, and is thus 
generally difiiised through the texture of the stem. In acrogenous 
stems, it is likely that the sap follows the same course as in Endogens, 
although, in regard to both, experiments are still wanting. In cellular 
plants, transmission of the sap takes place from one cell to another ; 
and, as their texture is often delicate, the movements are rapid. 
Many of these, as sea-weeds. When plunged into water, after having 
been dried by evaporation, imbibe the fluid with very great rapidity. 

2C6. The Canse of the Progressioa of the has been investigated, 
by Malpighi, Hales, Dutrochet, Draper, Bnicke, and Liebig. While 
the capillarity of the vessels in the higher plants operates to a certain 
degree, it would appear that the process of endosmose is that by which 
the continued imbibition and movement of fluids is chiefly carried on. 
From the loss of its watery contents, by exhalation, and the meta¬ 
morphoses going on during the process of nutrition and secretion, the 
sap becomes gradually more and more dense, and thus, throughout 
the whole plant there is a forcible endosmotic transmission of the 
thinner fluids, and a constant change in the contents of the ceUs and 
vessels. These movements will of course take place with greater 
vigour and rapidity according to the activity of the processes going 
on in the leaves, which thus tend to keep up the circulation. While 
the ascending movement of the sap is powerfully promoted by the 
active operation at the surface of the leaves, its lateral movements are 
no less influenced by the individual relations of each distinct cell, 
since the different functions of separate cells when actively exercised, 
call into action those vital agencies by which a transmission of the 
cellular contents is effected. 

267. Draper attributes the movement of the sap to capillary attrac¬ 
tion, which he considers as an electrical phenomenon. This attraction 
takes place when a fluid moistens a capillary tube, and there can be 
no flow unless a portion of this fluid is removed from the upper ex¬ 
tremity ; for capillarity will not of itself raise a fluid beyond the end 
of the tube. Evaporation and transpiration, which take place in 
the leaves, remove a portion of the vegetable fluids, and thus they 
promote the capillary action of the vessels. When two fluids of 
different kinds come mto contact in a tube on different sides of a 
membrane (which membrane being porous, may be considered as 
made up of numerous short capillary tubes), that will pass the fastest 
which wets it most completely, or has' the greatest affinity for it.* 



PnOGRZaillON OF the sap. 


137 


Hence, Draper explains the phenomena of endosmose.and exosmose 
by referring them to capillary attraction, aided by transpiration. 

268. Liebig adopts a somewhat similar view of the phenomena. 
He states that the accurate experiments of Hales have shown the 
effects of evaporation and transpiration on the movements of sap. 
Transpiration takes place chiefly in clear and dry weather, and conse¬ 
quently is regulated by the hygrometric state of the atmosphere. 
When the weather is cloudy and the atmosphere moist, transpiration 
is checked, and stagnation of the juices takes place. The greater the 
transpiration, the greater the sui)ply of fluid necessary. Hence, 
plants kept in the dry atmosphere of rooms fade from want of a due 
supply to compensate for transpiration; and hence the importance of 
pruning plants before transplanting them, so as to diminish the eva¬ 
porating surface, and of performing the operation in dull and moist 
weather, so as to allow the absorption of fluids to keep pace, with the 
transpiration. This process of transpiration, therefore, by forming a 
vacuum, assists capillary attraction and the atmospheric pressure, and 
thus the fluids rise. As the process of endosmose and exosmose 
depends on the chemical affinity between the fluids on each side of a 
membrane, the porosity of the membrane, and the attraction existing 
between it and either of the fluids, it follows that the nature of the 
parietes of the cells and vessels of plants must have a maiked effect 
on their contents and secretions. 

269. The observations of physiologists and chemists thus lead to 
the conclusion, that the movement of the sap in plants is due partly 
to the changes effecte/l in the leaves and other green parts, by light 
and air; partly to capillary attraction, the continuous influence of which 
is kept up by the constant loss of fluids; and partly to endosmose and 
exosmose. It may be said that there is a vis a tergo, without the 
presence of leaves, as shown by the experiments of Hales (fig. 224), 
combined with vis a Jronte, depending on the suction-power of the 
leaves. 

270. When cut twigs or flowers are put into water, their functions 
are kept up for some time by endosmose and capillarity. The latter 
power has great influonoe in such a case, and hence the cleaner the 
cut the better, so that no lacerated or ragged edge may interrupt its 
operation. In these circumstances also small solid particles and col¬ 
ouring matters will enter the tubes. Boucherie found that felled 
trees, the extremities of which were immediately immersed in various 
solutions, continued to imbibe them with great force and rapidity for 
many days. A Poplar, 92 feet high, absorbed in six days nearly 
sixty-si.x galldns of a solution of pyrolignite of iron. 

271. Heat and light have a powerful influence on the movements 
of the sap, by promoting transpiration and the action of the cells. 

G 2 
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After the winter’s repose, the first genial sunshine of spring stimulates 
the sap to activity, and after the leaves are expanded, the circulation 
goes on with vigour. The effect of leaf-buds in promoting the move¬ 
ment of sap, may be exhibited by introducing a single branch of a 
vine growing in the open air into a hot-house during winter, thus 
exposing it to heat and light. In this case the leaves are developed, 
and the fluids are set in motion from the roots upwards, so as to sup¬ 
ply this single branch, although in the other branches there is no 
circulation. 

272. In spring, the first effect of light and warmth is to stimulate 
the leaf-buds. These enlarge, and the endosmotic process commences 
in their cells. This is communicated to other cells, and gradually 
extends to the root, which draws up a continued supply of fi.uids from 
the soU. The matter stored up during the winter undergoes changes; 
certain substances are dissolved, and thus the sap is thickened, so that 
the endosmotic process b powerfully increased, and the whole plant 
exhibits an active and vigorous circulation. The starch deposited in 
the previous season becomes converted into sugar and dextrine, it is 
thus readily acted on by the ascending fluids, and in a state of solu¬ 
tion admits of being generally diffused. Towards the latter part of 
the season, when the heat and light decrease, the leaves perform their 
functions more languidly, and there is a near approach to equilibrium 
in the density of the fluids, and ultimately there is a cessation of the 
circulation. 

273. Liebig thinks that in the case of the vine, in which, according 
to Brucke, the specific gravity of the sap in spring is very little morb 
than that of water, the rise of the sap does not at this season depend 
on endosmose, but on the disengagement of gas, which was shown by 
Hales to be given off in large quantities, when the vessels were cut. 
The gas is conjectured to be carbonic acid gas, judging from the ex¬ 
periments of Geiger and Proust, who showed that the sap of the vine 
contains much of this acid. There is probably also some oxygen pro¬ 
duced in the vessels. In some stems by the breaking up of the pith 
cavities full of air are produced. Air-cavities are also met with in the 
leaves of many plants, particularly in the floating leaves of aquatics. 

274. The height to which the sap rises in the case of lofty trees, 
with spreading roots, is very great. The force with which it ascends 
has been measured by Hales, and is found to vary according to the 
state of the weather and the vigour of the plant. By fastening a bent 
tube, containing mercury, on the stem of the vine, he found in one 
of his experiments that the sap raised the mercury upwards of thirty 
inches. The apparatus used by Hales is similar to that used by 
Dutrochet, to measure endosmose, as is represented at fig. 224, 
where c is the stem of a vine cut, t is a bent glass tube fitted to the 
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cnt extremity of the vine by a copper ring, v, carefnlly luted and 
secured by a bit of bladder, m;^n n represents the level of the 
mercury in the two branches of the i 

lower curvature, before the experi¬ 
ment, and n'»' the level at the conclu¬ 
sion of it. He calculated that the force 
of the sap in the vine, in some of his 
experiments, was five times greater 
than that of the blood in the crural 
artery of the horse. 

275. Special movement* ot Fluid*.— 

Besides this general circulation of the 
sap, special movements have been ob¬ 
served in the individual cells of plants, 
which have been included under the 
name of Rotation (rota, a wheel), or 
Gyration (gyrus, a circuit or circle). 

These motions have been detected in 
the cells of many aquatic plants, espe¬ 
cially species of Chara and Vallisneria, 
and in the hairs of Tradescantia. The 
currents proceed in a more or less 
spiral direction, and are rendered 
visible by the granules of chlorophylle 
which they carry along with them. 

There exist also other granules in the 
fluids, which are coloured yellow by 
iodine, and are probably of a nitro¬ 
genous nature. 

276. The species of Chara, in which 
rotation has been observed, are aquatic 
plants growing in stagnant ponds, and 
are composed of a series of cylindrical 
cells, placed end to end. Sometimes 
the plant consists of a single central 
cell; at other times there are several 
smaller ones surrounding it, which re¬ 
quire to be scraped off in order to 
see the movements. Many of the 
species are incrusted with calcareous 
matter, so as become opaque, while others, as Chara flexilis, included 



Fig 224^Expcriment by Hales, to show the force of ascent of the sap. c, Stock of a vine cut. 
^ tub© with a doublo cun’ature attached to the upper part of the '^ne'Sto^t by neani 
of a copper ciy), v, wliJch is secured by mean* of a lute and piece of a bladder, m. n «, Level <if 
the column of mercury in the two brunches of the tubs at the commencement of the expcrliiiiuL 
n n, Level at the conclusion of the experiment- 
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under the division Nitella, have no incrustation, and are transi-iarent. 
Those plants with uninorusted tabular cells best exhibit such move¬ 
ments. In these plants the movements take place between the two 
membranes of which the cell-wall is composed. They are not Inter¬ 
rupted should a division of the cell be effected by ligature, as a 
separate motion may then be observed in either section. Some 
granules, of a green colour, are attached to the cell-wall, while others 
are carried with the current, which passes along one side and returns 
by the other, following an elongated spiral direction. The descend¬ 
ing current in the branches is next to the axis. 

277. In Vallisneria spiralis (which includes V. Micheliana and 
Jacquiniana), the cells in all parts of the plant, as in the leaf,^root, 
flower-stalk, and calyx, contain numerous green granules, and an 
occasional cytoblast or nucleus, which, under certain circumstances, 
are carried, with the juices of the plant, in continual revolution round 
the walls of each cell. Although in different cells the currents pro¬ 
ceed often in different directions, still, in any given cell the rotation 
is uniform; for if stopped by cold it resumes the same direction. 
Rotation will continue in detached portions of the plant for several 
days, or even for three or four weeks. The best way of showing 
these motions is to take a small portion of a young leaf and divide it 
in halves, by making a very oblique section on the plane of the leaf, 
by which means a transparent end is obtained. This should be done 
at least an hour before it is put under the microscope. The part is 
to be viewed in water, between two pieces of glass; and a little heat 
is sometimes useiul in causing the movements to commence. In 
Vallisneria the motion ceases at about 45" Fahr., while in Chara, it 
goes on at a lower temperature; if the temperature be raised above 
150" the motion ceases. 

278. A similar intra-cellular circulation is seen in species of Pota- 
mogeton, Ilydrocharis, and Anacharis, as well as in the monili- 
form purple hairs on the filaments, and in the calycine hairs of Trade- 
scantia virginica. In the examination of these hairs a higher micro¬ 
scopic power is required than in the case of the plants previously 
mentioned. The nucleus in the cells of these hairs is usually fixed to 
the walls, and the movements take place to and from it, and appear 
to be confined between a double cell-wall. Fig. 225 shows a calycine 
hair, p, of Tradescantia virginica, with a small portion of the epider¬ 
mis, e e, on which a stoma, s, is seen. In each of the cells, both of 
the epidermis and the hair, there is a nucleus, n, and rotatory cur¬ 
rents, the direction of which is indicated by that of the arrows. In 
each cell, as seen in a, there are several currents, which cross each 
other at the point where the nucleus is situated, thus giving rise to 
the appearance of an irregular net-work. The haire of many other 
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flowering plants exhibit rotation (fig. 86), and it is probable that in 
all young cells there are currents 
or stremns radiating from the 
nucleus. The fluid circulating 
is a mucilaginous protoplasm or 
formative matter, and in Chara 
and Vallisneria it forms a uniform 
investing layer on the inner sur¬ 
face of the cell. The motions 
would appear to be connected in 
some way with the nutrition of 
cells and the formation of new 
ones; and, while they continue 
throughout life in aquatics, they 
often cease in plants living in air, 
after they have attained a certain 
development. Mohl’s experi¬ 
ments have shown that at the 
temperature of 66° Fahrenheit, 
the quickest motion was l-125th 
of a Parisian line,* the slowest, 
l-600th, and the mean, l-185th. 

273. Someof these movements, 
especially in hairs, were looked 
upon by Schultz as occurring in 
minute vessels, and therefore he 
included them midcr cyclosis. 

Schleiden maintains that in the 
VallLsneria cells it is not the cellu¬ 
lar sap that is in motion, but a 
' mucilaginousfluid, with which thcchlorophylle granulesandthe nucleus 
are connected, and which flows in an uninterrupted manner along the 
cell-walls, but on account of its transparency and slight thickness, is not 
easily seen. In Chara, also, he states it is not the cell-sap which moves, 
but a denser fluid, present in large quantity, and occupying the outer 
part of the cell cavity. Mohl thinks that a_ homogeneous protoplasm 
fills these cells at first completely, but that during growth it becomes 
hollowed out into one or more cavities, and that around these the 
mucilaginous matter circulates. In Vallisneria, there is only one 
cavity, while in other plants there are several, giving rise to the 

• Parisian line ■« 088S15 oflnclL 

Fifl'. 225.—Hair, p, taketi from tlio calyx of Tradescantia virffinlco, with a small portion of the 
epidennis, e e. on which there is a stoma, «. In each of the epidermal cells there is a nucleus, rt, 
and currents (rotation), the direction of which is indicated by the arrows. Ih each cell there 
ai e several cuiTcnts moviDir to and from the nucleus, as is well seen at o. In the elongated ccUi 
oi the hair, the iiucloua, n, is carried along witli the current* 




142 


MOVEHENTS IH C®U,S.--HOTATIOS-. 


appearance of mucilaginous streams or lines running from the nucleus 
to the cell-walL These mucilaginous lines, he says, occasionaliy after 
the circulation has ceased, remain permanently on the cell-wall. The 
existence of spiral fibres in cells has been traced to currents of this 
kind. Amici is of opinion that in chara the chlorophylle-granules lining 
the walls of the cell exercise a galvanic action upon the sap, and that 
the action is thereby produced. 

280. The velocity of the currents in various plants, at 66“ to 68° 
Fahrenheit, is thus given by Mohl:— 


Filamental hairs of Tradesoantia virginica,—to of a Parisian line in a second; 
mean, 

Leaves of V allUneria spiralis—quickest, slowest, ; mean, of a line in 

a second. 

Stinging hairs of Ulrica baccifera—quickest, slowest, ; mean, 

Cellular tissue of young shoot of Sagittaria sagittifolia, yjy, to ; mean, yjj. 

“ “ leafof do., yyVn'n-Vni moan, y ,' 55 . 

Hairs of Cucurbits Pepo—quickest, y^^; slowest, mean, yvrv- 


The measurements were made by noting the passage of the globules 
across the field of a micrometer, fixed in the ocular of the microscope, 
and counting the strokes of a second’s pendulum. These movements 
appear more rapid to the observer; but then it must be recollected 
that the parts are seen in a highly magnified state. 

281. The Caune of Rotation has not been satisfactorily explained. 
Some attribute it to electrical or magnetic currents causing attraction 
and repulsion of the granular contents of cells. The different contents 
of the cells, according to them, mutually act and react on each other, 
and thus give rise to movements similar to those which take place on 
the surface of water when oily or resinous matters are added, and 
which have been called epipolic on the surface). Recent 

observations, by Dutrochet, seem to show that the magnetic force 
exercises no influence over the movements in Chara. Others believe 
that while heat, and electricity, and physical agents, stimulate these 
movements, they are not the cause of them. Some trace the move¬ 
ments to the presence of the nucleus, and look upon them as connected 
with the period of growth when new cells are being formed, and as 
ceasing after the nucleus has disappeared. Mechanical explanations 
&il to explain the nature of those movements. This rotation or 
gyration is not connected with general circulation of the sap, but is a 
special movement in individual cells. As yet, no good explanation 
of it has been brought forward. All we can say is, that the motions 
must be considered as physico-vital pbenomena. 


3.—Eespiuation of Piants. 


282. The changes which are produced in the atmosphere by living 
plants have been included under the title of Vegetable Respiration. 
The experiments of Priestley, in 1771, showed that plants when put 
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into an atmosphere containing a considerable proportion of carbonic 
acid, and exposed to light, purified the air by removing carbon and 
producing oxygen. Air in which animals had died was thus ren¬ 
dered again fit for breathing. Percival confirmed those observations, 
Scheele made a series of experiments with nitrogen in place of carbonic 
acid, and he found that plants did not purify an atmosphere composed 
of nitrogen alone. The fotd air, then, in his experiments, difiered 
completely from that in Priestley’s experiments, and hence the difference 
of results. Ingenhouz and Senebier performed numerous experiments, 
which proved that during the day, plants gave out oxygen gas, while 
during darkness, this process was suspended. The former has shown 
that the green portions of all vegetables, irrespective of their specific 
• properties, are equally available for such operations; that it is ftx>m 
the under surface of the matured leaves that oxygen is chiefly given 
off; and that in plants placed in the shade the action of the leaves 
does not prevent deterioration of the air. Saussure stated, that 
during the night, oxygen gas was absorbed in different quantities 
by plants. Fleshy plants absorbed least; next came evergreen 
trees, and then deciduous trees and shrubs. This absorption of 
oxygen is attended with the formation of carbonic and other acids. 
It has been said that some leaves, on account of this process of 
oxidation, are acid in the morning, and become tasteless during 
the day. Decandolle, Ellis, Daubeny, and numerous other observers, 
have confirmed the conclusions drawn by the early experimenters. 
The results of all these observations are, that plants, more especi¬ 
ally their leaves and green parts, have the power of decomposing 
carbonic acid under the influence of solar light, and of evolving oxygen. 
While in darkness, no such decomposition takes place, oxygen is ab¬ 
sorbed in moderate quantity, and some carbonic acid is given off. 
The former process caused by the deoxidizing power of plants, much 
exceeds the latter in amount. 

283. Burnett endeavoured to show that there are two processes 
constantly going on in plants, one being what he calls digestion, con¬ 
sisting in the fixation of carbon and the evolution of oxygen, and 
only carried on during the day; the other being what he calls proper 
respiration, consisting in the evolution of carbonic acid gas, and carried 
on at all periods of a plant’s growth. He thinks that his experiments 
prove the disengagement of carbonic acid from the leaves of plants, 
both during night and day. Carpenter entertains similar opinions. 
He considers that under all circumstances vegetable respiration is a 
process continued throughout and essential for vegetable life, that it 
consists of the elimination from the system of the superfluous carbon, 
either by its entering into combination with the oxygen of the air, 
or by giving off carbonic acid to replace the oxygen absorbed.* 

• Carpenter, Prin. Phj-. p. 73(X 
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Ms. Pepys is of opinion that the evolution of carbonic acid indicates an 
abnorm^ condition of the leaf, which, in the process of healthy £ictive 
vegetation, absorbs carbonic acid and disengages oxygen. He believes 
that the action of light leads to the greater perfection ctf this function 
which is less energetically pcrtonned, jf not wholly suspended 
during the night* What is generally called vegetable respiration, 
may be regarded as equivalent to digestion, consisting, as it does, of 
the decomposition of certain matters, and the fixation of others by a 
process of assimilation; but there is no evidence of the constant exha¬ 
lation of carbonic acid from healthy leaves in the same way as occurs 
in animal respiration. It would appear to be more correct to consider 
the processes in animals and vegetables as opposed; respiration in 
the former being the elimination of carbon, while in the latter it is the ' 
elimination of oxygen. 

284. The changes produced in the atmosphere are caused chiefly 
by the superficial green parts of plants. It was long ago supposed 
that the spiral vessels from their structure were to be looked upon as 
true wind-pipes or trachea;, conveying air from the stomata or pores 
in the leaves. But although they contain aeriform matters, they have 
been shown to be not directly concerned with the changes in the 
atmosphere, and to have no immediate connection with the stomata. 
The oxygen evolved by plants appears to be derived from the carbonic 
acid (CO^), the carbon of which is appropriated, and from water (HO), 
the hydrogen of which is assimilated. Light is necessary for these 
decompositions, and it is probable that the alkalies taken up by the 
roots aid the process. 

285. If the leaves of a plant are bent under an inverted tumbler of 
water, in a pneumatic trough, aud exposed to the sun, bubbles of gas 
will soon be given off, which are found to be pure oxygen; and if the 
water contains carbonic acid, there will be a diminution in its quantity. 
The same leaves in darkness will not evolve any oxygen, light being 
essential for the process. The oxygen derived from the carbonic acid 
may be all evolved, or part of it may in its nascent state enter into 
certain combinations within the plant. The* brighter and longer 
continued the light, the more oxygen is given off, and the greater the 
quantity of carbon added to the plant. If a healthy plant is covered by 
a bell jar, and exposed to light for twelve hours, oxygen will be formed, 
and if carbonic acid be added to the air, it will gradually diminish, 
while the oxygen will increase. During the night the action is re¬ 
versed, and if the plant is left twelve hours in darkness, the oxygen 
will decrease, while carbonic acid will increase. Daubeny, from his 
experiments respecting the action of plants on a known amount of 
atmospheric air—effected by placing plants beneath large glasses,— 


Pepys on the Bespinttion of Leaves of Plants. PhlL Trans. 1843, p. 839. 
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states that leaves are requisite for the purification of the air, that the 
action of light on them gives rise to the emission of oxygen, and 
the decomposition of carbonic acid, that for the elimination of 
oxygen the presence of carbonic acid is requisite, and that the greatest 
amount of oxygon which can, by vegetable respiration, be added to 
air confined within ajar is 18 per cent.* 

286. The fixation of carbon probably takes place gradually, giving 
rise at dillerent stages to the formation of various organized compounds. 
Thus, two atoms of carbpnic acid, by losing one of oxygen, become 
oxalic acid; this oxalic acid, with the aid of water, may yield other 
acids, from which by the elimination of oxygen, and the addition of 
the elements of water, various unazotised matters, as starch, gum, and 
sugar, may be derived ; these changes being promoted by the presence 
of alkalies. The fixation of carbon and hydrogen from the decompo¬ 
sition of carbonic acid and water, gives rise to the formation of tlie 
various secretions ibund in the bark and external cells, as chlorophylls, 
rc-sins, oils, caoutchouc, and wax. 

287. Carbonic acid, as lias been already noticed, is taken up in large 
quantity by the roots of plants from the soil, and it is also probably 
absorbed from the atmosphere by the leaves. In the interior of plants 
It is changed in various ways, but it is in the leaves more especially 
that its decomposition takes place. At night it is given off unchanged, 
by what Liebig considers as a mere process of exosmose, in consequence 
of the dissolved acid being no longer assimilated by the action of light. 
Others say that carbonic acid is not produced by exhalation only, but 
is also derived from the direct union between the oxygen of the air 
and the carbon cif the plant. This may occur in some plants without 
leaves, as Fungi, whore a direct process of oxidation takes place in the 
organic matters which have been assimilated. The quantity of this 
acid given off during the niglit, is by no means equal to that which is 
absorbed by the plant during tlie day. 

288. The parts of plants which are not green, seem to absorb oxygen. 
Thus, roots and subterranean organs act in this way, and tlie presence 
of oxygen seems to be necessary for their growth. There are also 
certain periods in the life of a plant wlicn carbonic acid is given off 
in large quantity, even during the day, depending on a clieniical change 
taking place in tlie starch of the jilant, by which it is converted into 
sugar. These periods are germination, flowering, and fruiting. 'I’lie 
clianges produced will be alluded to when these subjects arc considered. 
IMien plants are decaying, or are in an unhealthy state, tliey undergo 
ciiemical changes, by which carbonic acid is formed. Tin’s was found 
liy Burnett to have influenced the results of some of Mr. Ellis’s early 

i xperiroents. 

289. Certain plants have a great power of decomposing carbonic 

* Daubecy on tLe’Action of Plants on Atoiospbcre. Phil. Trans. 1836, p. 163. 

n 
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acid under the action of light. This is particularly the case with 
aquatics. It is thus that they keep up the purity of the pools and 
ponds in which they grow. Pistia Stratiotes has this effect in the 
Batavian ponds, and Sir II. Davy notices the great vigour of aquatic 
plants in the lake Solfatara, where carbonic acid was constantly bub¬ 
bling up on the surface. The oxygenation of the water by aquatics 
has also been observed by Morren of Geneva. 

290. Experiments have been made as to the effect of the different 
rays of the spectrum in aiding the decomposition of carbonic acid, by 
the green parts of plants. Draper states that the light-giving rays, or 
those nearest the yellow, have the greatest effect; while the heat-giving 
and the tithonic, or chemical rays, had scarcely any influence. The 
experiments of Hunt also lead to the conclusion, that the yellow rays 
have most effect in the fixation of carbon, and in the production of 
woody matter. 

291. While the breathing of man and animals, and the various 
processes of combustion, are constantly abstracting oxygen from the 
atmosphere, and substituting carbonic acid, plants are decomposing 
this noxious gas, and restoring the oxygen. In tropical countries, 
where the vegetation is luxuriant and the light intense, the fixation of 
carbon and evolution of oxygen goes on with great vigour, thus fur¬ 
nishing a supply to those regions where, during certain periods of the 
year, both vegetation and heat are deficient. 


Effects of certain Gases on living Plants. 

292. It has been already stated that plants can live in an atmos¬ 
phere containing a considerable proportion of carbonic acid, provided 
they are exposed to the light. Thus, an atmosphere which could not 
be breathed by man and anim.als is capable of supporting vegetable 
life. The experiments of I’riestlcy, Percival, and Saussure, show, 
however, that plants will not continue to exercise their functions in 
pure carbonic acid gas, but that iu all cases a certain quantity of free 
oxygen must be present. It has been found that though platits do not 
tlaive in pure nitrogen, nor in hydrogen gas, yet their vitality is not 
destroyed by their presence. Saussure observed that vegetable life 
was maintained by a plant of Lythrum Salicaria for five weeks, in an 
atmosphere of hydrogen gas. Nitrogen has been proved to be ap¬ 
parently innocuous. These gases seem of themselves to have no directly 
injurious effects, but to act chiefly by depriving the plants of carbon 
and oxygen. 

293. There are certain gases which have very prejudicial effects on 
plants, as proved by the experiments of Turner and Christison.* 

, ’ • See Edinburgh Mcdlcsl and Surgical Journal, vol. mtUI. p. 356. 
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Some of them act as irritant poisons, causing local disorganization; 
others as narcotic poisons, inducing a drooping and decay of the entire 
plant. To the former class belong sulphurous acid gas, hydrochloric 
or muriatic acid gas, chlorine and nitrous acid gas; while under the 
latter are classed sulphuretted hydrogen, cyanogen, carbonic oxide, 
and ammoniacal gas. 

294. Sulphurous Acid Gns is highly injurious to plants. It pro¬ 
duces greyi.sh-yollow dry-looking spots on the leaves, which gradually 
extend until the leaves are destroyed and fall. The effect resembles 
much the ordinary decay of the leaves in autumn. The proportion 
of gas, in some experiments, was only 1 in 9,000 or 10,000 parts of 
air, and the quantity ^ of a cubic inch; and yet the whole unfolded 
leaves of a mignonette plant were destroyed in forty-eight hours. This 
proportion of the gas is hardly or not at all discoverable by the smell. 

295. Mnriniic Acid produced effects similar and scarcely in¬ 
ferior to those of the last-mentioned gas. When ^ of an inch was 
diluted with 10,000 parts of air, it acted destructively on Laburnum 
and Larch, destroying the whole vegetation in less than two days. 
Even when in quantity not perceptible by the smell, it still acts as an 
irritant poison. 

296. Sulphuretted iiydrogcu acted in a different way from the acid 
gases. The latter attacked the leaves at the tips first, and gradually 
extended their operation to the leaf-stalks. When in considerable 
proportion, their effects began in a few minutes ; and, if diluted, the 
parts not attacked generally survived if the plants were removed into 
the air. But in the case of sulphuretted hydrogen, the leaves, without 
being injured in texture or colour, became flaccid and drooping, and 
the plant did not recover when removed into the air. It required a 
larger quantity of this gas to produce the effects stated. Wlien six 
inches were added to sixty times their volume of air, the drooping 
began in ten hours. This gas then acts like a narcotic poison, by de¬ 
stroying vegetable life throughout the whole plant at once. 

297. 'rirese observations point out the great injury which is caused 
to plants by the gases given off during the combustion of coal, and 
more especially by certain chemical works. In the vicinity of the 
latter, the vegetation, for a considerable distance around, is often 
destroyed, particularly in the direction of the prevailing winds of the 
locality. The atmosphere of large manufacturing towns, in which 
fuliginous matter and sulphurous gases abound, is peculiarly hurtful 
to vegetable life. In order to protect plants from stich prejudicial 
influences, Mr. N. B. Ward has invented close glass Cases, in which 
plants can be made to grow independently of the noxious atmosphere 
around.* These Cases consist of a trough containing soil, and a trame 
of glass, which is accurately fitted upon it. The soil is well supplied 

• See Ward on the growth of plants Jn closed Casefi 
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with water at first, and after the plants are put in they are kept exposed 
to the light. In these circumstances, they will continue to thrive for 
a long time, even for years, without any fresh supply of moisture or 
any direct exposure to the air. They are peculiarly fitted i'or rosms 
where the dryness of the atmosphere intei feres with the vigour of 
plants, by causing greater exhalation than can be compensated by the 
absorption of moisture by the roots. Some tribes of plants, as Ferns, 
requii'ing a humid atmosphere, thrive well in such Cases. The windows 
of houses may bo converted by this means into conservatories. Those 
who wish to see the effects thus produced, ought to \isit Mr. Ward’s 
liouse, at Clapham Rise, London. Nothing can exceed the beauty 
and luxuriance of his Ferns. 

298. But it is not merely ns matters of luxury and curiosity that 
these Cases deserve notice. They serve as a most important means of 
transporting plants, in a living state, to and from foreign climates; and 
they are in constant use for that ]iurpose. Plant.s have thus been 
brought to this country which could not have retained their vitality in 
the form of seed, and which would have been destroyed by exposure 
to the sea-breeze and to the vicissitudes of climate experienced durinjf 
their transport, i’laiits of Musa Cavendishii have thus been introduced 
into the South Sea Lslatids with the happiest results; Tea plants have 
been transported in great numbers from China to India. Mr. Fortune 
sent to the London Horticultural Society a number of these Cases 
filled with plants from ('hina. The stillness of the atmosphere in 
the Case contributes materially to prevent injurious consequences. 
In June 1833, Mr. Ward^lled two Cases with Ferns, Grasses, etc., 
and sent them to Sydney, where they arrived in January 1834. 
The plants w'cre taken out in good condition, and the Cases 
were refilled at Sydney, in February 1834, the thermometer then 
being between 90'' and 100“ Fahrenheit. In their passage to Eng¬ 
land, they encountered very varying temperatures. The ther¬ 
mometer fell to 20“ on rounding Cape Horn, and the decks were 
covered a foot with snow. In crossing the line, the thermometer 
rose to 120°, and fell to 40° on their ariival in the British channel in 
the beginning of November, eight months after they had been enclosed. 
The plants were not once w’utered during the voyage, and received no 
protection by d.ay or by night, but wore taken out at Loddiges in a 
most healthy .and vigorous condition. 

299. It is a mistake to supjiose that the air in the Cases is not 
changed. They are not hermetically scaled; and by the law of diffu¬ 
sion of gases there is a const.ant although gradual mixture of the external 
air, free however Ifom many impurities, with that inside. Plants will 
continue to grow for a long time, even in Cases hermetically sealed, if 
supplied at first wuth abundance of good soil and water. By the united 
action of the plant and light, the air undergoes constant changes, and 
thus continues fit for vegetable life. 
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4.—ritODUCTS AKO SECUETIO^^S OF PeANTS. 

800. The sap in its progress through the cells and vessels, and espe¬ 
cially in its passage through the leaves, is converted into organizable 
products, from which the vegetable tissues and the secretions contained 
in them .are el.abnrated. Light, by enabling plants to fix carbon, has* 
an important iniluence over these secretions. When plant.s are kept 
in darkness they become etiolated or blanched, and do not^form their 
proper secretions. Gardeners resort to the practice of blanching when 
they wish to diminish or destroy certain secretions, and to render plants 
fit for food; a familiar example of which may be seen in their culture 
of the Apium graveolens or Celery. In speaking of the contents of 
cells and vessels, allusion has already been made to some of the more 
important organimble products. It is proposed in this* place to take 
a general view of tliose vegetable secretions which arc connected with 
the nutrition of plants, or which are important on account of their 
medical or commercial uses. Some of these occur in sm:dl quantity, 
and are limited to certain plants only; others .are abundant, and more 
universal in their distribution. Thus, while quinine and morphine, the 
aotn e ingi-edlents of Peruvian bark and opium, arc circumscribed, 
both as regards quantity .and distribution, starch, gum, sugar, woody 
matter, and cerlain nitrogenous compounds arc more abundant, and 
more generally dilfused over the vegetable kingdom. 'The latter 
substances tlierel'ore demand especial attention. If a plant is macer¬ 
ated in water, and all its soluble parts i4»inoved, hgnine or woody 
fibre is left, and the water in which it has been in.acerated, gradually 
deposits starch. If the liquid is boiled, a scum coagulates, formed of 
albumen and some azotised matters, while gum and sugar remain in 
solution. 

otJl. sinrcii is a general product, being laid up as a store of nourish¬ 
ment, and undergoing changes at certain periods of a plant’s life, which 
fit it for further uses in the economy of vegetation. It is not found 
in animal cells. It consists of O’’ll'” O"', and occurs in the form of 
grains of various sizes and forms, having an external membrane, en¬ 
closing a soluble substance. By boiling in water, the pellicle bursts, and 
the contents are dissolved, becoming gelatinous on cooling. The cir¬ 
cular markings and striai seen on the grains, and the ])art called the 
hilum, have already been noticed (f 17). The grains of potato starch 
seen by polarized light, exhibit a well-marked black cross, the centre 
of which corresponds with the hilum. Some plants, such as potato, 
arrow-root, and wheat, contain a large quantity of starch, which 
varies, however, in quantity according to the period of growth. Thus, 
while starch abounds towards the latter part of the season in the 
jiotato, it decreases when the tubers begin to germinate in spring. 
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It was found that 240 lbs. of potatoes, left in the ground, contained 
of stafch:— 


In Angiist. 2.3 to 25 Ib'i., or 9'C to XO-4 per cent. 

■ September. 32 “ .38 “ 13*3 “ 16 

"October. 32 “ 40 “ “ 13*3 “ 16*6 

November. 38 “ 45 “ “16 “18*7 

April. 38 “ 28 “ “ 16 “110 

■ May . 28 “ 20 “ “ 11*0 “ 8*3 


The quantity of starch remained the same during the dormant state 
in winter, but decreased whenever the plant began to grow, and to 
require a supply of nourishment. 

302. Starch is stored up in many seeds. It exists in roots, especially 
in those which are fleshy; in stems ; in the receptacles of flowers; and 
in pulpy fruits. The seed-lobes of the Bean and Pea, and many other 
leguminous pfants; the roots and the under-ground stem of Maranta 
arundinacea or Arrow-root, and of Canna coccinea or Tous-les-mois, 
Canna Achiras and G. edulis; the stem of the Sago Palm (Sagus 
liumphii and farinifera), and of the Cyoas tube; the receptacle of the 
artichoke, and the pulp of tlic apph*. are familiar instances of parts in 
Avhich starch abound.?. The grains of potato-starch are pearly or 
sparkling in their appearance, of large size, having one or more hila, 
and often cracks on the surface Those of arrow-root are dull, white, 
and small, while those of Tous-lcs-mois, present a glistening appearance 
like potato-starch, and are larger. In some cases, starch is associated 
with poisonous or acrid jujfes, as in Jatropha Manihot, which yields 
Cassava and’Tapioca, and in Arum maculatum, the under-ground stem 
of which furnishes Portland sago. Inuline is a substance amdogousto 
starch, to which Iodine communicates a brown colour. It is found in 
the roots and tubers of Inula Helenium (Elecampane), Dahlia variabilis, 
and Helianthus tuberosus (Jerusalem artichoke); while Lichenin is a 
variety of starch occurring in Cetraria islandica (Iceland moss). 
Lichenin or lichen starch consists of C*" 11'" O’", and is deposited in the 
primary cell-wall of the plant, in the form of an encrusting layer. By 
the action of malt or of sulphuric acid upon starch, by long boiling in 
water, or by heating in a tray in an oven whose temperature has been 
r.aised to 300° Fahrenheit, a gummy matter is produced called dextrin,* 
or soluble starch composed of C’" IT'" O'". Some consider this to be 
the substance contained in the interior of the starch grains. When 
dried, it constitutes British gum. It is one of the steps in the process 
of the conversion of starch into sugar. 

303. CJum is one of the substances which are produced abundantly 
in the vegetable kingdom. Its composition is C’“ H” O’*, the same as 
that of Cane sugar. It exists in many seeds, exudes Ifom the stems 

• Doitrin )8 so callca from possessing the property of effecting the right-handed rotation of the 

nf afibtrlyation Of a ray Of light. 
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and twigs of many trees, and is contained in the juices of others from 
which it does not exude. It one of the forms through which organic 
matter passes during the growth of plants. The different kinds of 
gums have been divided into those which are soluble in cold water 
(Arabine, mucilage), and those which only swell up into a gelatinous 
matter (Bassorine or Tragacauth, Cerasine and Pectine). Arabine is 
familiarly known by the name of gum-arabic or gum-senegal, and is 
the produce of various species of Acacia, chiefly natives of Arabia, 
Egypt, Nubia, and Senegarnbia, such as Acacia Ehrenbergii, tortolis, 
Seyal, arabica, vera, and albida. Prom the bark of these plants it 
exudes in the form of a thick juice, which afterwards concretes into 
tears. Ehrenberg has shown that the characters of gum from the same 
species of plant are liable to considerable variation; that the same 
tree may yield a transparent or an opaque, a light or a dark coloured 
gum. Old stunted trees, in hot and dry seasons, yield the most gum. 
Arabine exists with cerasine in the gum of the Cherry and Plum. 
Mucilage is present in many of the lilallow tribe, as Malva sylvestris, 
Althma officinalis or marsh mallow, and in Linseed. In Sphaerococens 
crispus, mucilage is present, of which the formula is H.’® 0’“. 
Bassorine forms the chief part of gum-tragacanth, the produce of several 
species of Astragalus, and of gum-bassora. It exists in Salep, procured 
from the tubercules of Orchis mascula. Cerasine is that part of the 
gum of the Cherry (Ccrasus), Plum, and Almond trees, which is 
insoluble in cold water. Pectine is a substance procured from pulpy 
fruits, as the aiiple and pear. It forms a jelly with water, and when 
dried, resembles gum or isinglass. It is changed by alkalies into 
pectic acid, which is found in many fruits and esculent roots. 

304. Sugar.—'riiis substance, which forms an important article of 
diet, exists in many species of plants. Sugars liave been divided into 
those which undergo vinous fermentation, as Cane and Grape sugar, 
and those which are not fermentescible, as Mannite. Cane sugar, C‘* 
IP 0'’-i-2 no, is procured from Saocharum officinarum (sugar-cane). 
Beta vulgaris (beet-root), Acer saccharinum (sugar-maple), and many 
other plants. It has been conjectured that the Calamus or sweet cane 
mentioned in the Old Testament, may be the sugar cane. At all events, 
the plant was known as early as the commencement of the Christian 
era. In the East and West Indies, at the present time, numerous 
varieties of cane are cultivated, such as Country cane, Eibbon cane. 
Bourbon cane, Violet or Batavian cane, which are distinguished by 
their size, form, the position and colour of their joints, their foliage, 
and their glumes. Bourbon cane is richest in saccharine matter. 
Canes demand a fertile soil, and for their perfect maturation they 
require from twelve to fourteen months. Those which are grown from 
planted slips, are plant-canes, those which sprout up from the old stems, 
are raitoons. After being cut, the canes are crushed (the pressed canes 
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being called begass), the saccharine juice is extracted, evaporated, and 
crystallized, as Eaw or Muscovado sugar, which is afterwards refined 
in vacuo, so as to form loaf sugar. 

305. In 1844, the gross amount of sugar entered lor consumption 
in the United Kingdom was 4,139,994 cwt. The quantity of sugar 
produced from the sugar cane in different parts of the world, in 1839, 
has been thus estimated:— 


British Sugar Colonies.3,571,378 cwt. 

British India.. 519,120 — 

Danish West Indies. 450,000 — 

Dutch West Indies. 260,000 — 

French Sugar Colonies.2,100,000 — 

United States of America. 900,000 — 

Brazil. 2,400,000 — 

Java. 4,481.312 — 


306. Maple Sugar is much used in America. It is procured from 
the sugar maple by making perforations in the stem, and allowing the 
sweet sap to flow out. Two or three holes, at the height of eighteen 
or twenty inches from the ground, are said to be sufficient for an 
ordinary tree. The season of collecting is from the beginning of Feb¬ 
ruary to the middle of April. Beet sugar is the produce of the root 
of Beta vulgaris, and is extensively manufactured in many parts of 
the continent. In the year 1841, there were 142,518 acres in France 
planted with beet-root for sugar, and the ([uantity of sugar produced 
was 31,621,923 kilogrammes (one kilogramme being equal to about 
21- lbs). In Ireland much attention has been directed to the culture 
of this root with the view of manufacturing sugar. A public com¬ 
pany has been formed to carry out the undei'taking. Though the 
sugar obtained has been of a su])erior quality, it does not appear to 
have been hitherto afforded in sufficient quantity to render its manu¬ 
facture profitable as a speculation. Manna sugar, or Mannite, differs 
from the others in not being fermentescible. Its composition is C® 
II’ 0“. It is the chief ingredient of Manna, which exudes from the 
Ornus europma and rotundifolia. From Sicily tind Calabria it is 
exported under the name of flake-manna. Mannite is found in the 
juices of Mushroom, in Celery, and in Laminaria sacoharina, and 
Eucalyptus mannifera. Dr, Stillhouse has determined the quantity 
of Mannite in some sea-weeds as follows:— 

Baroinaria saccharina.12 to 15 per cent, of Mannite. 

Halydris siliiiuoaa.. 5 to 6 per cent. — 

Laminaria digitata. 4 to 5 per cent. — 

Fucua serrafus. rather less. — 

Alaria esculenta... about the same. — 

Rhodimenia palinata.. 2 to 3 per cent. — 

Fucus vesiculosus. 1 to 2 per cent — 

1 nodosus. nearly same. — 
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Knop and Schnederman have detected Mannite in Agaricus piperatus, 
and other chemists have found it in Cantharellus esculentus, and 
Clavellaria coralloides. 

307. Grape sugar, called also Starch sugar, or Glucose, is composed 
of C’* H’‘ O'*. It occurs in the juices of many plants, and is a pro¬ 
duct of the metamorphoses of starch, cane sugar, and woody fibre. 
It may be extracted from dry grapes, and may be prepared from 
starch by the action of an infusion of malt, or of a substance called 
Diastase (IT 310). It is less soluble and less sweet than cane-sugar. 
It gives sweetness to goosebcrrie.s, currants, apples, pears, plums, 
apricots, and most other fruits. It is also the sweet substance of the 
chestnut, of the brewer’s wort, and of all fermented liquors. 

308. iJsx'xe is the substance which gives hardness and solidity to 
the cells and vessels of plants. It c.xists abundantly in woody fibre, 
which may be said to be composed of cellulose forming the parietes, 
and lignine forming the encrusting matter in the interior, or the Sclero- 
gen of Payen. The latter dissolves in strong nitric acid, forming 
oxalic acid, while the former is left undissolved. Lignine is said to 
be composed of O'® IP* O'-'”. According to Mulder, the formula for 
the ligneous matti.'r of ordinary wood is C*" IP'® O'*. When a portion 
of the stem of a herbaceous plant, or of newly cut wood, is reduced 
to small pieces and boiled in successive portions of water, alcohol, 
ether, diluted acids and alkalies, until everything soluble in these 
menstrua is removed, a white fibrous mass remains, to which the name 
of woody fibre is given. It varies slightly in its composition in dif¬ 
ferent trees, thus;— 



Oak. 

Ueech. 

Pine, 

Willow. 

Carbon. 

....52.M5 ... 

... 61-15 ... 

... 50* 

.. 41)-8 

IIvdr<i^eii. 

.... 5'(i9 

... 5-82 ... 

... 5 5.) ... 

... 6 68 

Oxj gen. 

....11-78 ... 

... 42-73 ... 

... 44 16 ... 

... 44-C2 


Iron wood contains 53 44 per cent, of caibon. 


Tills woody fibre exists in linen and paper; and these substances, 
when subjected to the action of sulphuric acid, are converted into 
grape sugar. Lignine gives support to the vegetable texture, and is 
often deposited in concentric layers. It occurs in large quantity in 
the wood of trees, and is also [iresent in the stem of herbaceous plants. 
In some cellular plants it is absent, and the object of many horticul¬ 
tural operations, as blanching, is to prevent its formation. Beet-root 
and white turnips contain only 3 per cent. Lignine is not coloured 
by iodine. 

309. All these organic substances, consisting of caibon united with 
the elements of water, are easily convertible into each other by the 
action of sulphuric acid and heat. Similar changes are induced during 
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the growth and development of plants, as will be noticed under the 
head of flowering, fruiting, and germination. In many unazotised 
matters the proportion of the elements is the same, or they are 
isomeric. Thus, cellulose and starch have the same composition, and 
the difference in their qualities seems to depend on the mode in which 
the elements are united. Their form is altered by a change in the 
molecular arriuigcmcnt. The unazotised products which have been 
noticed, supply carbon for the respiration of man and animals, and 
probably assist in the formation of fat. It is impossible to notice all 
the compounds of carbon, oxygen, and hydrogen, found in plants. 
For example, Sali.cinc, a bitter neutral crystalline substance, is pro¬ 
cured from the bark of Salix alba. Helix, purpurea, viminalis, pen- 
tandra, &o.; and Phloridzine, an analogous substance, occurs in the 
bark of the roots of the apple, pear, and plum. 

310. AzoUsrd Pro<iucii!i. —There are certain azotised products which 
exist in greater or less quantity in plants, and which are particularly 
abundant in grains and seeds. The luitritive matter of wheat con¬ 
sists of starch or unazotised matter, separable by washing, and of 
azotised matter or gluten. Gluten is composed of certain proteine 
compounds (h'ibrine, Caseine, Albumen, Etnulsine), containing car¬ 
bon, oxygen, hydrogen, and nitrogen, with some phosphorus and 
sulphur. Vegetable fibvinc is the essential part of the gluten of 
wheat, and of the cereal grains. It may be procured by treating 
with ether the glutinous mass left after kneading wheat flour in 
linen bags under water. Vegetable caseine or legumine is an essential 
part of the seeds of Leguminous plants, and also of oily seeds. It 
may be procured in solution from kidney beans and peas, by bruis¬ 
ing them in a mortar with cold water, and straining. Vegetable 
albumen occurs in a soluble form associated with caseine. It forms 
a small proportion of cere.al grains. Wheat is said to contain | to 
1J per cent.; Rye, 2 to 3|- per cent., Barley, f',, to ^ per cent.; 
and Oats, ^ to 1 ]ht cent. It is distinguished by its coagulation at 
a temperature of 140^" to 100°, and by not being precipitated by 
acetic acid. These three compounds dissolve in a solution of caustic 
potash; and if to the solution acetic acid is added, the same precipi¬ 
tate is obtained whichever of three is employed. This precipi¬ 
tate is called Proteine (v^aTtva, I have the first place). Its formula 
is IP® N® 0“. h'ibrine is proteine -p S. -)- Ph. Albumen is 
proteine -p S* -p Ph. Caseine is proteine -p S. Emvhine, or si/nap- 
tase, is a nitrogenous compound found in certain oily seeds, as in 
almonds. It exists in the milky emulsion which these seeds form in 
water, and it is coagulated by acetic acid, and by heat. In bitter 
almonds, it is associated with a substance called amygdaline, on which 
it acts in a peculiar manner, producing hydrocyanic acid. Diastase 
is aa Azotised substance procured from malt, and developed during 
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tlie germination of plants. It is probably fibrine in an altered state, 
and it has the power of promoting the conversion of starch into 
sugar. 

311. The azotised products of plants have a similar composition 
with blood and muscular fibre, and hence their value in the food 
of man and aninials. The following table gives a general view of 
the quantity of azotised and unazotised matters occurring in certain 
plants, with the amount of water and inorganic matter:— 



Wutor. 
.10 

Azotised 

mutter. 

. 29 ... 

Carbonaceous 
niadci 
/, > 

Aslics. 
... 3 


. M .... 

. r,i ... 

. oj' .... 

... 3 


.10 .... 


. 48 . 

... 3 


. 18 ... 

. 11 ... 

.. .. fis . 

... 3 


. 10 .... 

. 1 .. 

. 09 . 

... 2 


. 72 .... 



... 1 

Turnips. 

.8'J .... 

. 1 ... 

9 . 

... 1 


312. The following arrangement is given by Fromberg of the 
comparative value of various plants as articles of food, taking into 
account the j/roteine compounds, and the starch, gum, and sacchar¬ 
ine matter which they contain, the highest value being 100:— 


l{cnn:i. 

.too 

1 Rve. 

..'i.s 

i'eas. 

. HO 

1 liaib'V. 

.50 

<)ats . 

. 75 

]^>tatoes . 


Wljcal. 

. 70 

Itice. 

.35 

Wiuzc... 

. 00 




313. As regards the produce of different crops per acre, Johmston 
gives the following estimate of the nutritive products which they 
yield:— 

AveraRo produce per No of lbs. of true 

uti e of tubers and miti iment In pi o- 


Ciuiii. duco ol an aciii. 


Beet, Mai gel-wurzel, and Turnip 

30 tons. 

..672 lbs. 

Beans. 

,30 bushels, or 1980 Ib.s.., 


Potatoes. 

. 8 tons.. 

..358 — 

Peas. 

.20 bushels, or 1100 lbs .. 

..3-18 —“ 

liarlev. 

.O^bubhols, or 1872 lbs.. 

..243 — 

Jerusalem Ailicltokos. 

.l*tons. 

..224 — 

Wheat... 

25 buRlicls, or 1500 lbs.... 

..180 — 

Oats. 

,30 bushels, or 1200 lbs.... 

..132 — 


314. Fixed oils are found in the cells and intercellular spaces of 
the fruit, leaves, and other parts. Some of these are drying oils, 
as Linseed oil, from Linnm usitatissimum ; others are fat oils, as 
that from Olives (fruit of Olea europiea) ; while others are solid, as 
Palm oil. The solid oils or fats procured from plants, are Butter 
of Cacao, from Theobroma Cacao; of Cinnamon, from Ciniiamonmm 
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zeylanicum; of Nutmeg, from Myristica moscliata ; of Ooco-nut, from 
Cocos nncifera; of Laurel, from Laurus nobilis; Palm oil, from Elais 
guineensis; Shea butter, from Bassia Parkii; Galam butter, from 
Bassia butyracca; and Vegetable tallow, from Stillingia sebifera in 
China, from Valeria indica in India, and from Pentadesma butyracca 
in Sierra Leone. These oils contain a large amount of stearine, and 
are used as substitutes I'or fat. Castor Oil, from the seeds of Eicinus 
communis, differs from other fi.xed oils in its compo-sition. 

315. Decandolle gives the Ibllowing table to show the quantity 
of oils got from seeds:— 

Hazel-nut.... ....CO ]ier rent, in ueii^lit. "U'liite JIus(ard....'>C per cent, in weiplit. 

Garden Cres.s..07 — 

Olive.50 — 

AValnut. 50 .— 

Poppy. .— 

Almond. IG — 

Eupliorbia Latli- 

3 -ris.-11 — 

Oolza........ I...... oO — 

316. Vogemble Wnx is a peculiar f.itty matter sometimes found in 
the stem and fruit of plants. It is procured from several species 
of Palms, as Ceroxylon Andicola, and Copei incia eerjfi'ra. and from the 
fruit of Myrica ceiifera or candle-berry myrtle, tmd Myiica cordifolia. 
By boiling these plants in water and compressing them the wax exudes, 
floats on the water, and may be collected and re-melted It is ol'a green¬ 
ish yellow colour. By saponification it yields stearic, marganc, and 
oleic acids, along with glycerine. It therefore more closely approxi¬ 
mates the character of iat rather than wax. Wa.xy matter also occurs 
on the exterior of fruits, giving rise to the hloom. of grapes, plums, &c., 
on the outer surface of the brads of iMusa paradi.siaca, and on the leaves 
of many species of Encephalartos. In Cork there exists a fatty body 
which, when acted upon by nitric acid, yields suberic acid. Chloru- 
pliylle, or tlie green colouring matter of leaves, is allied to wax in its 
nature, being soluble in ether and alcohol, but insoluble in water. 

317. Voioiiic or Ksucniiai oii» occur ill tlie Stem, leaves, flowers, 
and fruit of many odoriferous plants, and are procured by distillation 
along with water. Tliey are called essences, and contain the concen¬ 
trated odour of the plant. They usually exist ready-formed, but 
occasionally they are formed by a kind of fermentation, as oil of bitter 
almonds, and oil of mustard. Some of them consist of carbon and 
hydrogen only, as oil of turpentine, procured from various species of 
Pinus and Abies; oil of juniper, from Juniperus communis; oil of 
Savin, from Juniperus Sabina; oil of lemons and oranges, from the 
rind of the fruit; and oil of neroli, from orange flowers. A second 
selies contain oxygen in addition, as oil of cinnamon, from Cinnamo- 


Tobacco.0-1 — 

Plum. '.'>■> — 

Woad.oO — 

lloinp. I'o — 

Flax.— 

Simnowcr.1 .*> — 

lluckniicat. It — 

Grapes.1:1 — 
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mum zeylanicum; otto or attar of roses, from various species of 
Rose, especially Rosa ccntifolia; oil of peppermint, from Mentha 
viridis; oil of caraway, from Carum Carui; oil of cloves, from Caryo- 
phyllus aromaticus. Oils of this kind are procured from many Labiatas, 
as species of Lavandula, Origanum, Rosmarinus, Thymus ; and from 
the fruit of Umbelliferas, as species of Anethum, Foeniculum, Corian- 
drum, Cuminum, Retroselinum, Pimpinella; and from some Com¬ 
posite, as species of Antherais, Pyrethrum, and Artemisia. A third 
series have also sulphur in their composition, and have a peculiar 
pungent, often alliaceous smell, with an acrid burning taste, as oil of 
garlic, and of onion, procured from the bulbs of Allium sativum and 
Cepa; oil of assafoctida, from Narthex Assafoetida; and oil of Mustard, 
which is obtained from the seeds of Sinapis nigra, by a kind of fer¬ 
mentation induced by the action of a nitrogenous body, myrosine, on 
a substance called myronic acid, or myronate of potash, when macer¬ 
ated in water. A similar oil exists in many Cruciform, as in Erysi¬ 
mum Alliaria, Armoracia rustica]ia, and Cochlearia officinalis, and in 
several Umbollifer®, yielding gum-resin, as Opoponax, Ferula, Gal- 
banum, &c. Many of the essential oils deposit a solid crystalline 
matter, called Stearoptene, allied to camphor. This latter substance, 
which consists of carbon, oxygen, and hydrogen, is procured from 
Camphorti oflicinarum, a native of Jtipan and India. There is also 
another kind of camphor, produced in Borneo, bv Dryobalanops 
Camphora. 

318. Bcsiiiouii ProdnetH.—The milky and coloured juices of plants 
contain frequently icsins mixed with volatile oils, in the form of 
balsams, besides a quantity of caoutchouc. The resinous substances 
found in plants, are either fluid or solid. The former may be illus- 
ti-ated by Balsam of Tolu, procured from Myrospermum toluiferura; 
Balsam of Peru, from Myrospermum peruiferuni; Balsam of Copaiva, 
from various species of Copaifera, especially Copaifera officinalis; 
Carpathian B.alsam, from Pinus Pinca; Strasburg turpentine, from 
Abies pectinata, or silver fir; Bourdeaux turpentine, from Pinus pin- 
a.ster; Canada Balsam, from Abies balsamea, or Balm of Gilead fir; 
Chian turpentine, from Pistacia Terebinthus, &o. The latter may be 
illustrated by common reSn or Colophony, and Burgundy pitch, from 
Pinus sylvestris; Mastich, from Pistacia Lentiscus; Sandarach, from 
Callitris quadrivalvis; Elomi, from several species of Amyris; Guaiac, 
from Guaiacum officinale; Dragon’s-blood, from Dracsena Draco, and 
Calamus Draco; Dammar, from Dammara australis and orientalis; 
Labdanum, from Cistus creticus, and others; Tacamahaca, from Calo- 
phyllum Cadaba, and from Elaplirium tomentosuni; Resin of Jalap, 
from Exogonium Purga; Storax, from Styrax officinale; Benzoin, 
fr«n Styrax Benzoin; Copal, from Vateria indica, &c.; Lac, from 
variotts species of Ficus, as Ficus indica, or benghalensis, after 
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attacks of Cocci, and from Aleurites laccifera, and Erytlirina monos- 
perma; Euphorbium, from Euphorbia officinarum, antiquorum, and 
canariensis. 

319. Caontchenc is in some respects analogous to essential oils. It 
is found associated with them and resinous matters, in the milky juice 
of plants. It is procured from various species of Ficus, as Ficus 
elastica, Eadula, olliptica, and prinoidcs, from Urceola elastica, Si- 
phonia elastica, and Vahea guramifera, by wounding the plants. A 
kind of caoutchouc, called gutta percha, imported from Singapore and 
Borneo, is procured from Isonandra Gutta, one of the Sapotacese. 
The milky juice of many plants, as of Euphorbiacem, Asclepiadacea;, 
Apocynacesc, Artocarpacem, and Papay.acca), contain-caoutchouc or 
gum elastic. Some of these coloured juices are bland, as that pro¬ 
duced by the Cow-tree (Galactodendron utile); others are narcotic, 
as those of Poppy and Chclidonium ; others are purgative, as Gam¬ 
boge ; others diuretic, as Taraxacum. 

320. Or^atuic Acida are produced by processes going on in living 
plants, and exist in vegetable juices combined often with peculiar 
bases and alkaloids. Thus Citric acid occurs in the fruit of the orange, 
lemon, lime, red currant, &c.; Tartaric acid, in the juice of the grape, 
and in combination with pota.sh in tamarinds; Malic acid, in the fruit 
of the apple, gooseberry, mountain ash; Tannic acid or Tannine, in 
oak bark and nut-galls; Gallic acid, in the seeds of Mango; Mecomc 
acid, in the juice of Papaver somniferum ; Kinic acid, in the bark of 
various species of Cinchona, Besides these, there arc numerous others, 
which are characteristic of certain species or genera. To these may 
be added Hydrocyanic acid, as Ibund in Prunus Laurocerasus, &c., 
and Oxalic acid, which exists in combination wdth potash in Eumex 
acetosa, and Acetosclla, Oxyria renifortnis, Oxalis Acetosclla, and in 
combination with lime in Rhubarb, and many species of Parineha and 
Variolaria. 

521. AlkaloUls or Ortsanic baxrs are azotised compounds found in 
living plants, and generally containing their active principles. They 
occur usually in combination with organic acids. Quinine and Cincho¬ 
nine exist in the bark of Cinchona, the former predominating in yellow 
bark, the latter in pale bark; Morphine, Nanjotine, Codeine, Thebainc, 
and Narceine, occur in the juice of Papaver somniferum; Solanine is 
an alkaloid found in many species of Solanum, as Solanum tuberosum, 
nigrum, and Dulcamara; Veratrine exists in Veratrum Sabadillaand 
album; Aconitine in Aconitum Napellus; Strychnine in Strychnos 
Nux-vomica, Sancti Ignatii, Colubrina and Tieutb; Brucine also in 
Nux-vomica, or False Angustura bark; Atropine in Atropa Bella¬ 
donna; Bebeerine in Neetandra Eodiei; Piperine in Piper longum 
and nigrum; Emetine in Cephaelis Ipecacuanha; Caffeine (Th^e 
and Guaranine) in Coffea arabica, Thea Bohea and viridis, Paullinia 
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sorbilis, and Ilex paraguayensis; Theobromine in the seeds of Theo- 
broraa Cacao or chocolate; besides numerous others of less impor¬ 
tance. These Alkaloids are often found in plants having poisonous 
properties. 

322. roiouritig matters are furnished by many plants, either directly 
or by a process of fermentation. Yellow colouring matters are pro¬ 
cured from the roots of Curcuma longa or Turmeric, from the pulp 
surrounding the seeds of Bixa orellana (arnotto), from the stem of the 
Gamboge plant (Hebradendron Cambogioidcs), and various species of 
Garcinia, as Garcinia Cambogia and elliptica, from the flowers of Cartha- 
nius tinctcrlus (safflower), from the stigmata of Crocus satlvns (saffron), 
from akind ol'Miilberry (Morus tinctoria), from ResedaLutcola (weld), 
and from some Lichens, as Parnielia parictina (parietin or chryso- 
phanic acid). lied colouring matters are produced from the root of 
Anchusa tinctoria (.alkam't), from Pterocarpus santalinus, Dracaena 
Draco (Dragon’s-blood), the root of Rubia tinctorum or madder (aliza¬ 
rine), the root of Florinda citrifoliaC'ooranjee), Htematoxylon campe- 
chianum (logwood), Caisalpinia braziliana (Brazil wood), from Cam¬ 
wood, also from Carthamus tinctorius (Carthamine), and from some 
Lichens, as Roccella tinctojia (Archil and Litmus). Blue colouring 
matters are furnished by the flowers and fruits of many plants, and 
from the leaves of some, by chemical action. Indigo, a, most valuable 
(lye, is procured by fermentation from various species of Indigofera, 
as Indigofera tinctoii.a, Anil, cccrulea and argentea, as well as from 
Wrightia tinctoria, Marsdenia tinctoria, Neriuin tinctorium, and Gym- 
ncma tingens, &c. The plants in full flower are cut and put into 
vats with water, lermentatiun takes place, aitd a jieouliar substance is 
formed, which, by absorption of o.xygen, becomes blue. The best and 
the largest quantity of Indigo is produced in the Della of tlie Ganges. 
Several Lichens yield nitrogenous colouiing matters, which give blue 
and purple colours with alkalies, eta Lecanora tartarea yields Cud¬ 
bear (Gyrophoric acid). 


SECTION III.—ORGANS OF REPRODUCTION. 

Sthuctuee, Aueangement, and Fckctioss, 

823. The reproductive organs consist of the flower and its appen¬ 
dages, the essential parts being the stamens and pistil. When the 
flower, or at least the essential organs, are conspicuous, the plants are 
called Phanerogamous {(petve^og, conspicuous, and ■yd/xog, union or mar- 
riage), or I lowering plants; when they are inconspicuous, the plants 
are Cryptogamous (xjua-rdf, concealed, and ydfiot, union or marriage), 
or Flowerless plants. The former include Exogens and Endogens, 
the latter Acrogens and Cellular plants. On careful examination it 
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wiE be found that the organs of reproduction and nutrition are modi¬ 
fications of each other. The parts of the flower, as regards their 
development, structure, and arrangement, may all be referred to the 
leaf as a type. They commence like leaves in cellular projections, in 
which fibro-vascular tissue is ultimately formed; they are arranged in 
a more or less spiral manner, and they are often partially or entirely 
converted into leaves. 

1.—IsFLOBESCENCE, OB THE ABEASQEMBNT OP THE FlOWEBS ON THE AxlS. 

324. The arrangement of the flowers on the axis, or the ramification 
of the floral axis, is calied Inflorescence or A niholavis (xi/So;, a flower, 
and Tx^is, order). Flower-buds, like leaf-buds, are produced in the 
axil of leaves, which are called floral leaves or bracts. A flower-bud 
has not in ordinary circumstances any power of extension by the de¬ 
velopment of its central cellular portion. 
In this respect it differs from a leaf- 
bud. In some cases, however, of 
monstrosity, especially seen in the Eose 
(fig. 226) and Geum, the central part, 
A, is prolonged, and bears leaves 
or flowers. In such cases the flowers 
tire usually abortive, the essential or¬ 
gans being so altered as to unfit them 
for their i'unctions. Such metamor- 
jihoses confirm Goethe's doctrine, that 
all the parts of the flower are altered 
leaves. 

325. The general axis of inflor¬ 
escence, is sometimes called rachis 
{pxxis, the spine); the stalk support¬ 
ing a flower, or a cluster of flowers, 
is a, peduncle {pea, a foot) (fig. 231 a'); 
;ind if small branches are given off by 
it, they are called pedicels (fig. 231 
a"). A flower having a stalk is called 
pedunculate or pedicellate (fig. 231); 
one having no stalk is sessile (fig. 237). 
In de.scribing a branching inflores¬ 
cence, it is common to speak of the 
flachis as the primary floral axis, its branches as the secondary floral 
axes, their divisions as the tertiary floral axes, and so on; thus avoid- 

FiR. att— Proliferous or monstrous Eose, showinu the prolouRntlnn of the axis beyond the 
fliiweta. «, Calyx transformed into leaves p, I’etals multi|)licd at the expense of the stamena, 
whSfl»4re reduced In number. /, Coloured leaves representing abortive carpels, a, Ails pro- 
lungfo, bearing an impeifect flower at its apex. 
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Ing any confusion that might arise from the use of the terms vachis, 
peduncle, and pedicel. 

32G. xiic P«'daiicic ns- ^ 

sunies various forms. It ^ 'A ¥ j t / 

]s cylindrical, compressed, n '5^ I jP 

and grooved; simple, bear- if,, • te.iUP/ ' 

ing a single flow^, as in I 

Primrose; and branched, ; ' J J 

as in London-pride. It is )(,;/' 1;^? ' 

sometimes large and sue- t! ^ ''Vwl'// ' 

culenl, as in the Cashew ■!( 

(fig. 227 p), in which the 

peduncle forms the large 'P 

coloured expansion siij)- -27 . 

porting the nut; spiral, as in Cyclamen and Vallisnciia (fur. 22t5); 

spiny, as in Alyssum spinosum. Sometimes the 

floral axis is shortened, assuming a flattened, 

convex, or concave form, aiid bearing numerous -e,"y ' \ 

flowers, as in the Artichoke, Daisy, and Fig. In f! ' ’ ■ ' tfi 

these cases it is called a Hecejilcclc or Phoran- 
thium {<paclu. I bear, and oi:/Sa;, flower), or y'.—'T 

Clinantidum (n^Alun, a bed, and flower). 

327. The Floral axis sometimes assumes a t£r 

leaf-like or plujlloid ((pvMon, a leaf, and bSor, . , 
form) appearance, bearing numerous flowers at T/.-Vv' 
its margin, as in Xylojihylla longifolia (fig. 229), ^ . ( 

and in Puscus ; or it appears as if formed by v' , if 

several peduncles united together so as to be- (-«{ , V 

come a tiisciated axis, as in the Cockscomb (fig. ti®! ;'i' 

230), in which the flowers form a peculi.ar crest r-., ■ 

at the apex of the flattened peduncles. Adhesions 'fi ' .V; ’';j 
take place between the peduncle and the br.acts u'-Vi! 

or leaves of the phnit, as in the Lime tree, Ilel- 
wingia, Chaillcti.i, several species of Hibiscus, ’ 1 

and in Zostera. The adhesioji of the peduncles .M * 

to the stem accounts for the extra-axillary posi- • 

tion of flowers, as in many Solanacem ; when 
this union extends for a considerable length 
along the stem, several leaves may be interposed vfe 

between the part where the peduncle becomes Y> , 

free, and tin; leaf whence it originated, and it \f?. 

may be difficult to trace the connection. 


m 

t. •!. \ ■■ i >• ( 


Fig. 227— Fruit of Cashew (Anacardiwn ocdJciiiaJr) p, Eii’arAOfl pf Juiifle. o, Fi’uit oi nut 
Fig 228 —I’istilliioroua plant ot Vallisneria spiralis, showing spiral pcdunclfS or tlnwcr-st.iikSf 
hy file nncoilhig ot wliioli the tiouers icacli the surtaco ot the water, pi'evious to feitiliZHtinn. 

J'lg. 229 —hciit-hke {phyilovi) tiattenofl pudundo, r, oi AjlopUylla Jongifollu fff, Cluslere 
ol Oowers developed in u centrifugal or rymose manner. 

fl 2 
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328. The peduncle occasionally becomes abortive, and in place of 
bearing a flower, is transformed into a tendril 201); at other times 

it is hollowed at the apex, so as appa¬ 
rently to form the lower part of the 
outer floral envelope, as in Eschscholtzia. 

329. The termination of the peduncle, 
or the part on which the whorls of the 
flowers are arranged, is called the Tha¬ 
lamus or Tons. It is the termination 
of the floral axis. I'he term rccffpiacle 
is also sometimes applied to this, whether 
expanded so as to bear several flowers, 
or narrowed so as to bear one. It may 
be considered as the growing point of the 
axis, which usually is arrested by the 
production of the flo\ver.s, but which 
sometimes becomes enlarged and e.xpanded. Thus, in the Geranium, 
it is prolonged beyond the llcnver in the form of a beak; in the Arum, 
it is a club-shaped fleshy column (fig. 239, 2, a ); in the Strawberry, 
it becomes succulent and enlarged, bearing the seed-vcs.sels; while in 
Nelumbium it envelops them in the form ol' a truncated tabular expan¬ 
sion. In some cases it bears the seeds. In some monstrous flowers, as 
in Rose and Geum, it is prolonged as a branch bearing leaves (fig. 226). 

330. There are two kinds of injlufcsccuce —one in which flowers are 
produced in the axil of leave.s, while the axis continues to he elongated 
beyond them, and to hear other leaves and flowers; the other in which 
the axis ends in a single terminal flower. In the former, the flowers 
are axillary, the a.xis extends in an indefinite manner, and the flowers, 
as they successively expand, spring from floral leaves placed higher on 
the axis than the leaf from which the first flower was developed. 
In the latter, the single solitary flower terminates and defines the axis, 
and the flowers developed ,suhse(]nently, aiise from floral leaves below 
this central flower, and therefore farther removed from the centre. 

331. The first is Indeteriuiiwtc, Indrjinite, or Axillary inflorescence, 
in which the axis is either elongated, continuing to produce flower- 
buds as it grows, the lowermost expanding first; or it is flattened and 
depressed, and the outermost flowers e.xjjand first. The (jxpansion 
of the flowers is thus centripetal, that is, from base to apex, or from 
circumference to centre. When this kind of inflorescence produces 
many flowers, it is simple, and proceeds from the development of the 
flower-buds of a single branch. This kind of inflorescence is shown 
in fig. 231, where tlie leaf from which the cluster of flowers is pro¬ 
duced,,^ represents the bract or floral leaf. The racJiis, or primary 

of the flower, is a'; this produces small leaflets, h, which bear 

230.—Upper part of flattened or fasclatcd flowering stem of Celosia cristata {Coc1cscomh\ 
the fonu of a crest, covered with pointed bracts, and 8upportiD{; flowci's on its summit. 
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smaller flower-leaves or bractlets, from which peduncles^or secondary 
axes spring, bearing each single flowers. The whole inflorescence is 
the product of one branch, the lower flowers 
having expanded first, and bearing fruit, 
while the upper are in bud, and the middle 
are in full bloom. In fig. 232. the same 
kind of inflorescence is shown on a shortened 
axis, the otiter flowers expanding first, and 
those in the centre last. 




3,‘>2. The second is Determinate, Definite, or Terminal inflorescence, 
in which the axis is either elongated and ends in a solitary flower, 
which thus terminates the axis, and if other flowers are produced, they 
are secondary, and farther from the centre; or the axis is shortened, 
and produces at once a number of flower-buds, but of these the central 
flower expands first, being in fact the termination of the axis, while 
the other flowers are developed in succession farther from the centre. 
The expausion of the flowers is in thi» case centrifugal, that is, from 
apex to base, or from centre to circumference. When this inflorescence 
produces many flowers, it is comj'>ou7id, and jrrocoeds from the develop¬ 
ment of the buds of several branches. It is illustrated in fig. 233, 
where a representation is given of a plant of Ranunculus bulbosus; a' 
is the primary axis swollen at the base in a bulb-like manner, b, and 
with roots proceeding from it. From the leaves which are radical 
proceeds the axis ending in a solitary terminal flower,/'. About the 
middle of this axis there is a leaf or bract from which a secondary 
floral axis. A", is produced, ending in a single flower, /", less advanced 
than the flower, /'. This secondary axis bears a leaf also from wliich 
a terti;u|j floral axis is produced, a'", bearing an unexpanded solitary 
flower,/'". From this tertiary axis a fourth is in progress of forma- 


231.—Raccnic of Barhcrry {Tierha u vulgarxs), prodiicetJ In the axil of a leaf or bract, f, 
which has been tiaiiHlormcd into a fiitiiic, with tw’o stipules, s, at Its base, o', Primary tloral axis, 
bearing small alternate bracts, 6, in th<; nxil of which the secondary axes, a" a", arc produced, 
each terminated by a flow er Tlie expansion of the flowers is centi ipetul, oi li oin base to apex; 
the lower flowers have passed into the state of fruit, the middle arc tully expanded, and those at 
the top are still in bud. Indeteiminate simple inflorescence. 

Fig 232.—Head of flowers or glomerulus of ^abiosa atro-purpuren. The inflorcsoence Is 
simple and indeterminate, and the expansion of the flowers centi'ipetal, those at the circumference 
opening first. 
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tion. Here f' is the real termination of the axis, and this flower then 
expands first, the other flowers being developed centrifugally on sepa¬ 
rate axes. It is a compound inflorescence. 

033. IndcflBite infloreaccnce. —The simplest form of this inflores¬ 
cence is when single flowers are produced in the axils of the ordinary 
leaves of the plant, tlie axis of the plant elongating beyond them, as 
in Veronica hedcrifolia. Vinca minor, and Lysiinachia nemorum. The 
ordinary leaves in this case become floral leaves, by producing flower- 
buds in place of leaf-buds. In place of solitary flowers there is often 
an elongated floral axis or peduncle arising from a more or less altered 
leaf or bract, and bearing numerous leaflets, called bractcoles or bract- 



233 


lets, from which smaller peduncles are produced, and those in their 
turn may be branched in a similar way. According to the nature of 
the subdivision, and the origin and length of the flower-stalks, there 


of Ranunciilus bulbosiis, Rhownn' <lct('nimiiUf compound mfltt^ence. a' 

toimiimtiiig tlie ]>nmary axis About tlie middle of the axis 
*^i*i^?* (ievelopcd which giU‘S onjnn ton scconduiv uxis, a", endin''' in a solitary Uower f" 
wWch 19 not so advanced as/ On tlio secondary axis u leaf is fonnod, from the nxdl of which a 

IS still Jn bud. Ou this axis another 
floral loaf and bud is in the iiroKrcas ot formation aiioiner 

Fig. 234.—-Panicle or branching raceme of Yucca gbulosa o', Primary axis or rachls. a" 
Secondary ^es or amallcr pedundes. a'M'crtia.y ax'^s or pcdiccla bearing flowed Tft fc ft 
Bracts and bnictlets, m the axil of which the axes are produced. The iutlorcsccneris indetor: 
minute, and consietR of a seriefl ot racemes on a common axis, o'. The cxpaiiBlon of the whole 

flowS^he b^ror'K tot" 
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nrise numerous varieties of floral arrangements. When the primarj 
peduncle or floral axis, as in fig. 231 a, i.s elongated, and gives olf 
pedicels, a", of nearly equal length ending in single flowers, a raceme 
or cluster is produced, as in Currant, Hyacinth, and Barberry. If the 
secondary floral axis gives rise to tertiary ones, the raceme is branching, 
and forms a panicle. In fig. 234 is represented a panicle of Yucca 
gloriosa, a' being the primary axis or rachis with bracts, giving ofl' 
numerous secondary axes, a", which in their turn develop tertiary 
axes, a"', the development in each of the secondary axes being cen¬ 
tripetal, and h hh h being the bracts from which the separate axes are 
produced. If the peduncles in the middle of a dense panicle are 
longer than those at the extremities, a thyrsus is produced, as in Lilac. 
If in a raceme the lower flower-stalks are elongated, and come to 
nearly a level with the upper, a corymb is formed, which may be 




simple, as in fig. 235, where tne primary axis, a', divides into secondary 
axes, a" a", which end in single flowers; or compound, as in fig. 23G, 
where the secondary axes again subdivide. 

334. If the peduncles or secondary axes are very short or awant- 
ing, so that the flowers are sessile, a spihe is produced, as in Plantago 
and Verbena oflficinalis (fig. 237). The spike sometimes bears uni¬ 
sexual flS^'ers, usually staminiferous, the whole falling oil' by an articu¬ 
lation, as in Willow or Hazel (fig. 238),-and then it is called an 
amentum or catkin; at other times it becomes succulent, bearing 

Fig. 23.').—Coryml) of Cerasus Malialeb, produced In tlie axil of a leaf wliidi lias f.illen, and 
terminating an abortive brancii, at t lie base of wluch are modified k-tives in tlie tin-m ot scales, e 
a', Piimary axis, oi peduncle, or raclus, producing alternate biucts, 0 6. fiom tlic axil of wlind) 
secoiidar)- axes or pctlieels, a" u", arise, each bearing a amgle flower. TJie evolution or expan¬ 
sion of the flowers is centi ipctal 

Fig. 236.—Compountl oi branching corymb of Pynis torminahs o'. Primary axis a" 
Secondary axes a"' a"\ Tertiary axes or pedicels bearing tlie flowers directly. ^ b 0, Bracts. 
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numerous flowers surrounded by a sheathing bract or spatha, and then 
it constitutes a spadix, which may be simple, as in Arum maculatum 
(fig. 239), or branching, as in Palms. A spike bearing female flowers 
only, and covered witli scales, is either a strohilus, as in the Hop ; or 
a cone, as in the Fir (fig. 201). In grasses, there are usually numerous 
sessile flowers arranged in small spikes, called Locustx or spikelets, and 
these clusters are either set closely along a central axis or rachis, or 
they are produced on a branched panicle. 

335. If the primary axis, in place of being elongated, is depressed 
or flattened, it gives rise to other forms of indefinite inflorescence. 



When the axis is so shortened that the secondary axes or peduncles 
arise from a common point, and spread out like radii of nearly equal 
length, each ending in a single flower, or dividing again in a similar 


Fiff. 2?7.—Spilio of Verbena offlcinnlis, showinff sessile flowers on a common rachls; theni- 
floresconte iiijlctenniiuitc, aiul tlic olution ot tlie flower centripetal. The flowers at the lower 
part of the sjime itiu c pushed into fmlt, those towards the middle are in full bloom, and those at 
the top are only in hud. 

Fiff. 23H,—Amentum or catkin of Hazel (Corvfus Avellam), conslstlnp: of an axis or rachl* 
covered with bnict.^ in the fonn of scjilcs (sqmmet), cadi of which covers a male flower, the sta* 
mens of which are seen prtijetthig beyond the scale. The catkin falls off in a mass, sepuratihg 
from the brancli by an articulation, 

Fig. 239.—Spadix or succulent spike of Arum maculatum. 1, Exhibits the sagittate leaf, the 
spatha or sheathing bract ,!/, rolled round the spadix, the apex of wiilch, < 1 , is seen pr^ecting. 
2, Shows the spatha, b, cut longitudinally, so as to display the spadix, a. f, Female flowers at 
the base. «i, Male flowers. On the spadix there ore numerous abortive flowers indicated by 
halT'llke projections. 
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radiating manner, an Uinhd is produced, as in figs. 240 and 241. In 
fig. 240 the floral axes, a', d, d, end in simple umbels, o', o', o', and 
the iRnbels are called stipitate or stalked; 
while in fig. 241 the primary floral axis, . * > .» 

o', is very short, and the secondary axes, 
o', o', come off from it in a radiating or 
umbrella-like manner, and end in srtiall 
umbels, o', which are caWed. partial umbels 
or umlelhiles, to distinguish them from 
the general umbel arising from the pri- 




mary axis. This inflorescence is seen in 
Hemlock, and other allied plants, which 
are hence called Umbelliferous. 









336. If there are numerous flowers on a flattened convex or slightly 
concave receptacle, having either very short pedicels or none, a capi- 
tulum (a head) or antJwdtum (ai/So;, a flower, Sio;, a way or method), 
or calal/mim a small cup), is formed, as in Dandelion, 

Fig. 2-JO —Si'veral umbels, o' o' o' o', of Ar.ilui laccmosa. m Ocnoral axis or tlic anox of flm 
branch tonnhiulea by a single umbt-l faitlK. navanaMUlian \he S 
M “d Ci-ncral axis, a; coob of them bears uu uiiibeJ, and 

/ / Vr' ■‘rr- “ » Secondary axes, <ir the radii of the 

from liie tv.w oltei nntely lo the general axis d. Shows a double bud proceeding 

Vortio.n tlibse 'nails, and thus giving rs. to t-vo-st ,’iv.! oi .tipitate umbeli • ii. 

T,.7!e5.1o * Compound umbel ol Caiiot {I/aucus Carota). a-, i’lniary axis shortened and de- 
piesent a com ex suildce. a" a", Secondary axes or radii of the general umbel, 
^ch ending in u partial umbel or umbellule, o'" o" o" o". a'" a'", 'J'ertiury axes or radu of tlio 
partM umbels or umbellules t', Pinnatipartite bracts, forming the general involucre. *" 
iumpio bracts, forming the partial involucre or involuceL 

^^•~Capltuluih. Anthodiuin, or Head of flowers of Scorzonera hlspanlca. b, Imbricated 
evuiutionr^^^ mvolucre. /, Florets or small floi\ era on the receptacle, havtog a ceutripet^ 
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Daisy, and oilier composite plants (figs. 242 and 243); or a 
glomerulus* (a ball), as in Scabiosa (fig. 232), and in Dip.sacus 
(fig. 244). Such a receptacle or flattened peduncle may some¬ 
times be folded so as to enclose partially or 
completely a number of flowers (generally 
unisexual), giving rise to tlie peculiar in¬ 
florescence of Dorstenia (fig. 24,5), or to 
tliat of the Fig (fig. 246), where f indicates 
the flowers placed on the inner surface of 
the receptacle, and provided with bracteoles. 
This intlorcbcence h.as been called Ilypan- 
ihodiinn {im, under, and Huh?, a flower). 

337. On reviewing these diflorent kinds 
of inflorescence, it will be observed that the 
elong.ation or shortening of the axis, and the 
jiresence or absence of stalks to the flowers, 
determine the different varieties. Thus, a spike is a raceme in which 
the flowers are not stalked, the umbel a raceme in whicirthe primary 
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axis is shortened, the capitulum or head a spike in which the same 
shortening has taken place. 

33s. Dcfflniic Inflorescence.—'Jlic simplest form of this inflorescence 

• By some this term is apphed to the centrifugal infloresicnce of terlam Uvticaceac, Chenopt • 
diiifcie, and Juncaceie 

Fig 243 —The. same Cap’tulum cut Tcrtlcjilly. r, Tlie UcccTitacle, I’lioraiithium, or tlic flat¬ 
tened and dc|ircs.setIjipc\ot the pcdiinde, hcTri* f’" I ‘ ' which file sill Kiuiidcil hv hi.icts, A. 

Kig 244—Intlorcscciict* of 1):* 'Mdi,. u' ■' or head of llowcis, ouch of which 

sepaiatcd tiy lohg pointed hi.‘ i'- i- .O'-.-*.. in u teutnpctul manner. 

fiiNt expanded, followed hy those at e f/i, while those at the apr-v, e*, are in hnd. 

I'iR. 24.>.—Inflorescence of Dorstenia r.>.itr.i« eT..i. m». < d. . of ahioail slightly concave rc« 

r *p1o. r, or which r.iir’e»-oii<* and h .nail--w.' - r » placed. 

I... '.Ml. - «H, n.oi f 1^’I'./n-rr' c» . ni-'-hollow icccptuclc, r, orpeduneJe, 

>. jKii lliv l^u.t vviuU'J w.i!» 1..(»l 1 .1. .u' im:'.'* 
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is seen in Anemone nemorosa (fig. 247), or in Gentiana acaulis (Gen- 
lianella), where the axis terminates in a single flower; and if other 
flowers are produced, they arise from the leaves below the first-formed 
flower. When numerous flowers are produced, and the axes are much 
shortened, it is sometimes difficult to understand this mode of in¬ 



florescence. It may be distinctly traced, however, in plants with 
opposite leaves, in which the difterent axes are clearly developed. In 
fig. 248 is represented the flowering branch of Erythrsea ^ntaurium. 
Here the primary axis, o', ends in a flower, which nas passed 

Fig. 247.—Anemone nemorosa a. Subterranean stem, f, Leat d, Floral axis producing bracta 
b, wbicb form a three-leaved involucre, e, Solitary flower terminating the axis. Indoreacence 
determinate. 
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into tlie state of fruit. At its base two leaves are produced, each 
of which is capable of developing buds. In the Gentiana acaulis 

these leaves rarely produce buds, 
present plant they gen- . 
erally do. The buds so produced 
arc flower-buds, and constitute secon¬ 
dary axes, a" a", ending in single 
flowers, which thus are terminal 
and solitary; and at the base of these 
axes a pair of opposite leaves is pro¬ 
duced, giving rise to tertiary axes, 
d" d" d", ending in single flowers, 
f" f"f’\ and so on. The divisions 
in this case always take place by two, 
or in a dlchofomous (S/jc*. in two ways, 
and rifcm, 1 cut) manner. Had there 
been a whorl of three leaves in place 
of two, the division would Inavc been 
by three, or trichotomous in 

three ways). 

339. When the leaves become very small, and are transformed into 
true bracts, this whole system forms a single inflorescence, and has 
received the name of cyme. As the definite inflorescence occurs in a 
marked degree in the cyme, it has hence been called cyniose; and 
the cyme itself, according to its divisions, has been characterized as 
dichotomous or trichotomous. In figs. 249 and 250, the-cyme is re¬ 
presented in two species of Cerastium, belonging to the natural order 
OaryophyllacetD, in which cymose inflorescence is of general occur¬ 
rence. The leaves in the figures are small bracts giving origin to 
flower-buds in the same way as in fig. 248; the flowers at o' a' being 
the tetmination of the primary axis and expanding first, the others 
being subsequently developed in a centrifugal order. In some of 
the Pink tribe, as Dianthus barbatus, Carthusianorum, &c, in which 
the peduncles are short, and the flowers closely approximated, with a 
centrifugal expansion, the inflorescence has received the name of fascicle. 
A similar inflorescence is seen in such plants as Xylophylla longifolia 
(fig. 229). When the axes become very much shortened, the arrange¬ 
ment is more complicated in appearance, and the nature of the inflores¬ 
cence is indicated by the order of opening of the flowers. In Labiatse, 
as in the Dead nettle (Lamium), the flowers are produced at the axil 

FIff 345.—nfwerlnp tranch of Eryttir.va Centani Inm. a', Pi'imary axis, o" a". Two Bocon- 
diiry axes, a"' a"' a"\ I'ertiary axes, four In number, a'"' a"", (Quaternary axes, elptlit in 

number. /, The flower in various stares of development. Solitary flower which has passed 
into fruit, terminating the primary axis Flowcis leas advanced, teiminatinff the secontlaiy 
axes. f \ Flowcrslnbudat the extremity (kf the terttaiy axes, and 80 on. Infloiesceucc defliut# 
or determluate. Evolution of flowers centrifugal 
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of each of the leaves, and might be looked upon as ordinary whorls, 
but on examination it is found that the central flower expands first, 
and that the expansion is thus centrifugal. The inflorescence is there- 




fore truly cymose, the flowers being sessile, or nearly so, and the clusters 


are called vei ticillasters{verliciUus, a kind of screw). 

340. Sometimes the bract on one side of a 
dichotomous cyme, especially towards the summit 
of the inflorescence, docs not give origin to buds, 
ns seen in the upper flower of fig. 250. When a 
single bract only is produced, in place of two, 
there is often an anomalous cymose inflorescence 
produced, resembling a raceme. Thus, in Als- 
trbmeria, as represented at fig. 251, the axis, a', 
ends in a flower, which has been cut olf, and a 
leaf. From the axil of tliis leaf, that is, between 
it and tlte primary axis, a', a secondary axis, a", 
is formed, ending in a flowerand producing a 
leaf about the middle. From the axil of this leaf, 
a tertiary floral axis, a' ', ending in a flower, 



Fiff vw.—mnorescciice 01 Uorastiuni tctrandiTim. Letters have the same meaning; as In tho 
last two figures. In tlie quatcinarj axes, a"", the infioicbcunce becomes iateial by tlic non- 
development of the tlower-hiuls on one bide. 

Fig. ‘261,—False raceme of a species of Alstromerla. a' a" a'" Separate axes successively 
developed, which a])pear to fonn a simple continuous raceme, of M-hlch tlic a.xcs fonn tlie intcr- 
nodes. It is a conijxmnd d'*t^rmln'it« ir.fl ircscf^t'c. however, with centrifugal evolution. Kach 
of the axes is produced in t..«. a.\iJ oi a n.ul, an j i* :oi minuted by a tiovver,opposite 
to that liui£ 
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is developed, aod so on. Sometimes the bract on the opposite side 
shows itself, as at a. This inflorescence, 
therefore, although it appears simple and 
racemose, is truly compound and cymose, 
consisting of a series of separate axes, with 
a centrifugal expansion. The flowering 
branch often exhibits, in such cases, a series 
of curvations. In certain orders of plants, 
especially Boraginacea;, the bracts being 
alternate, give rise to an inflorescence of 
this kind. Thus, in fig. 252, 
tQ a is a primary axis, ending in ' 
a flower, producing another, 

^ third, c, a 
('*' fourth, rf, &c , all on the 
; same side. In such a case 
; there is usually arcmarkable 
curvature resembling the 
tail of a scorpion, and the cyme is called scorpiotdal or lielicoidal (sTk J 
a spiral, and h'Sof, form) or gyrate* It is seen in the forget-me-not 
(fig. 253). 

341. Instances of both kinds of floral expansion occur occasionally 
on the same plant. Thus, in Compositaj, the heads of flowers taken 
as a whole, are developed centrifugally, the terminal head first; w'hile 
iheyZorcts, or small flowers on the receptacle, open ccntripetally, those 
at the circumfereucc first. So also in Labiatie, the dilTerent whorls of 
inflorescence are developed centripetally, while the florets of the verti- 
cillaster are centrifugal. Sometimes this mixed character presents 
difficulties in cases such as Labiatm, wliere the leaves, in place of 
retaining their ordinary form, become bracts, and thus might lead to 
the supposition of all being a single inflorescence. In such cases, the 
cymes are described as spiked, racemose, or panicled, according to 
circumstances. Fig. 254 represents a panicled cyme of Privet, in 
which the primary axis, c/', gives oil’ secondary axes, a" o", whence arise 
tertiary, d" d", ending dicliotomously, and producing tliree-flowered 
cymes, c c, in which the central flower expands first. Ihg. 255 is a 
racemose cyme of Camp.annla, develo))fd in a very irregular manner, 
and giving rise to a peculiar mixed inflorescence; d d is the primary 
axis, ending in a flower, /', wliich has withered, and giving off secon¬ 
dary axes, a" n'',each terminated by a flower, and developed centripetally, 
the low'est being most expanded. These are anomalous cases, and not 

• Schlelden says that this inflorescence is simiily a nnilaternl raceme, having centripetal ei- 
panalOD. 

Fig. 262.— Figui'c to show the formation of a scorpioidol or helicoid cyme, consisting of soparata 
axes, ab cdA 

Fig. 2«»3 —Scoi^iloidal, gyrate, or hellcoitl cy me of Forget-me-not {Jfposotis paluifrit). 
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easily explained. Such mixed inflorescences, partly definite and partly 
indefinite, are by no means uncommon. 




342. Sometimes flowers proceed from what arc called radical leaves; 
that is, from an axis wliich is so shortened as to bring the leaves close 
together in the form of a cluster. From such stems, floral axes are 
pushed upwards occasionally, bearing single flowers, or flowers in 
umbels and racemes, as in Primrose, Auricula, Hyacinth, &c. Ju 
these cases, the name o^ scape is applied to the flowering stem. 


343.— Tari'lau Aiikangicment of Imflorescesce or Antiiotaxts. 

A. Flowers Sessile. 

J. Floral Axis elongated. 

1. Axis pennaneut. 

Spike (Planlago), Locii^ta or Siiikclet (holium), SpadLx (Arum), C‘»ne 
(Fir), Stntbilus (Hoj)). 

Fi^ 2M.—Cymose panicle, or Panicled cyme of Prlvc \h •*/ n - -i i The primary a\i«, 

a\ }?ives off ftecondary axes, a" a'\ M-liich arc opposite to «'»i ;* otl c*, .‘m.I {todnt o tertiaty 
it'" a"\ winch are du hotomons, ami consequently end in small three-fiowei ed cynics, c c. Of tlie 
three flowers terminating these tei t!ai y axes, the central one expands first, the evolution of liie 
otliers being centrifugal. 

Fig. 265.—Racemose cyme, or C>inose i*aeemc of Campanula a' a', Primary axis, terminated 
by a flower, which has already withered, and is beginning to pass Into the state of fruit, u" 
a" a", Scconduiy axes, each terniinuted by flowers,/", which are moie advanced the lower they 
are in thoir position. 
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2. Axis deciduous. 

Catkin or Amentum (Willow), Compound Catkin (Male flowers of some 
Palms). 

II. Floral Axis shortened or depressed (a Receptacle). 

Capitulum, Anthodium or Calathium (Dandelion). 

B. Flowers Pedicellate. 

I. noral Axis elonjfjated. 

1. Peduncles .simple. 

a, of equal or nearly equal length. 

Raceme (Currant, Hyacinth). 

h. lowennost longest. 

Centripetal expansion—Corymb (Omithogalum). 

Centrifugal expansion—Fascicle (Pink). 

2. Peduncles branched. 

Panicle (Poa), T 1 i}tsus (Lilac), Anthcla (Luzula), Compound Raceme 
(Plane-tree), Compound Oor^mib (Milfoil). 

II. Floral Axis shortened or dcp^e.'^sed. 

1. Expansion centripetal. 

a. Peduncles very short, Flowers forming a dose head. 

Glomerulus (Arrncria, Scabious). 

h. Peduncles nearly equal, radiating from a common centre. 

Pednndes simple—Simple Cnihcl (Astranti.i, Ramsons). 

Peduiides hrauclied—Compound Umbel (llendodi). 

2. Expansion centrifugal. 

a. IVduncles simpb'—Verticillastcr (T.amium). 

• h. Pedundes branched—Cyme (Iddcr). 

2 .—Bracts or Floral Leavks. 

344. Flowers, with the exception of the terminal flower, arise from 
the axil of leaves, called Bracteoe, bracts or jloral leaves. The term 
bract is properly applied to the leaf, from which the primary floral 
axis, whether simple or branched, arises, while the leaves which arise 
on the axis between the bract and the outer envelope of the flower 
are bracieoles or Iractlets. The two are distinct, but are often used 
indiscriminately in ordinary descriptions. Bracts sometimes do not 
differ from the ordinary leaves, and are then called leafy, as in Ajuga. 
Like leaves, they are either entire or divided. In general, as regards 
their form and appearance, they differ from the ordinary leaves of the 
plants, this difference being greater in the upper than in the lower 
branches of an inflorescence. They are distinguished by their position 
at the base of the flower or flower-stalk. When the flower is sessile, 
the bracts are often applied closely to the calyx, and may thus be con¬ 
founded with it; intermediate between the leaf and the petal, and at 
times partaking of the characters of each. Bracts appear in many 
instances to be intended by nature as protecting organs, within or 
beneath which the young flowers in their earliest stage of growth may 
be secured. 

345. When bracts become coloured, as in Amherstia nobilis, Eu- 

horbia splendens, and Salvia splendens, they may be mistaken for 



BRACTS OR PIORAL LEAVES. 


175 


parts of the corolla. They are sometimes mere scales or threads, and 
at other times they are abortive, and remain undeveloped, giving rise 
to the ebracteated inflorescence of Cruciferm and some Boraginacca;. 
Sometimes flower-buds are not produced in their axil, and then they 
are empty, A series of empty coloured bracts terminates the inflores¬ 
cence in Salvia Horminum. The smaller bracts or bracteoles, which 
occur among the subdivisions of a branching inflorescence, often produce 
no flower-buds, and thus anomalies occur in the floral arrangements. 

.340. Bracts are occasionally persistent, remaining long attached to 
the base of the peduncles, but more usually they are deciduous, falling 
oil'early by an articulation. In some instances they form part of the 
fruit, becoming incorporated with other 
organs. Thus, the cones of Firs (fig. 201) 
and the strobili of the Hop, are composed 
of a series of bracts arranged in a spiral j 
manner, and covering fertile flowers; and 
the scales on the fruit of the Pine-apple 
(fig. 25G a), are of the same nature. In 
Amenta or catkins (fig. 238), the bracts 
are called squama: or scales. As regards 
their arrangement, they follow the same 
law as leaves; being alternate, opposite, or 
vcrticillate. 

347. At the base of the general umbel 
in umbelliferous plants, a whorl of bracts 
often exists called a general ini-olucre (fig. 

241 i'), and at the base of the smaller umbels 
or umbellules, there is a similar leafy whorl 
called tnvoliicel ox partial involucre (fig. 241 i"). 

In Compositae, the name involucre is apphecl 
to the leaves, scales, or phyllaries surrounding tlie head of flow<;rs 
(fig. 242 h), as in Dandelion, Daisy, and Artichoke. This involucre is 
often composed of several rows of leaflet.s, which are eitl cr of the 
same or different forms and lengths, and often lie over each other in 
an imbricated manner. When the bracts are arranged in two rows, 
and the outer row is perceptibly smaller than the mner, the involucre 
is sometimes said to be caliculate, as in Senecio. The leaves of the 
involucre are spiny in Thistles and in Dipsacus (fig. 244 e i), and 
hooked in Burdock. Such whorled or verticillate bracts may 
either remain separate (polyphyllous), or be united by adhesion 
{gamopliyllous), as in many species of Bupleurum, and in Lavatera. 
In the acorn they form the cupula or cup (fig. 257 c), and they also 

Flff. S'tC.—FruU of Pine-apple (Ananaua sativn), composed of nuraeroua flowers united into one 
mass; the scaloe, «, being modified bracts or floial leaves. The crown, 6, conblsts of a prolonga¬ 
tion of the axis bearing leaves, which may be coneideied as a series of efnpty biacts, *, e, bracts 
not producing howei's in their axil 
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form the husky covering of the Hazel-nut. In the yew the bracts 
form a succulent covering of the seed. 

348. When bracts become united together, and 
overlie each other in several rows, it often happens 
that the outer ones do not produce flowers or 
become empty or sterile. In the artichoke, the 
outer imbricated scales or bracts are in this con¬ 
dition, and it is from the membranous white scales 
or bracts {palew) forming the choke attached to the 
edible receptacle, that the flowers are produced. 
The sterile bracts of the Daisy occasionally produce 
capitula, and give rise to the Hen-and-Chicken 
257 Daisy. In place of developing flower-buds, bracts 

may, in certain circumstances, as iii proliferous or viviparous flowers, 
produce leaf-buds. , 

349. A sheatiling bract enclosing one or several flowers, is called a 
spatha or spathe. It is common among Endogens, as Narcissus, Arum 
(fig. 239 b\ Palms. In some P.alrns it is 20 feet long and encloses 
200,000 flowers. It is often associated with the spadix, and may 
be coloured as in Calla or Kichardia alliiopica When the spadix is 
compound or branching, as in Palms, there arc smaller spathes sur¬ 
rounding separate parts of the inflorescence, to which the name upa- 
thellcB has sometimes been given. The spathe protects the flowers in 
their young state, and often falls off after they arc developed, or hangs 
down in a withered form, .as in some Palms, Typha, and Pothos. In 
grasses, the outer scales have been considered as sterile bracts, and 
have received the name of plumes, and in Cyperacem bracts enclose the 
organs of reproduction. 

3.—^Thb Flower and its ArrENDACEs. 

350. The Flower consists of whorled leaves placed on an axis, the 
internodes of which are not developed. This 
shortened axis is the Thalamus or torus. There 
are usually four of these whorls or verticils:— 
1 . The outer one called the cah/x. 2. The 
corolla. 3. The stamens. 4. The most in¬ 
ternal one, the pistil. Each of these consist 
normally of several parts, which, like leave.s, 
ffllow a law of alternation. Thus, the flower 
of Cr.assula rubens (fig. 258) presents a calyx, 
c c, composed of five equal pieces arranged 
in a whorl; a corolla, p p, also of five parts, 

Flp. 257.—Acom, or Fruit of the Oak. r, Cupula or enp, formed by the union of numcious 
brai ts or floral leaves, the free points of which are seen arranged in a spiial manner. 

f-ig. 258.—Flowerofftrassularubens. o c, Foliola of calyx oi sepuls, p p, IVtals. €«,Stamcn4. 

0 o, OdKlBlB, each of thorn having a small scalc-like appendage, o, at theu: buse. 
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placed in a whorl within the former, and occupying the intervals 
between the five parts of the calyx; five stamens, e e e, in the space 
between the parts of the corolla, and consequently opposite those of 
the calyx; and five parts of the pistil, o o, which follow the same law 
of arrangement. Again, in Scilla italica, the parts are arranged in 
sets of three in place of five, as shown in fig. 269,where p' p' p' are 
three parts of the external whorl; yt" p" p'\ three of the next whorl; e', 
an outer row of stamens; e", an inner row; o, the pistil formed of three 
parts. It is distinctly seen in these instances, that the parts of the flower 
are to be regarded as leaves arranged on a depressed or shortened axis. 

361. When all the parts of the flower are separate, and normally 
developed, there is no difficulty in tracing this arrangement j but in 
many cases it is by no means an easy mat¬ 
ter to do so, on acconntof chaiigespruduced 
by the union of one part to another, by 
degeneration, by the abortion or non- 
development of some portions, and by the 
multiplication or folding of others.* Of the 
four whorls noticed, the two outer (calyx 
and corolla), are called ^oroi envelopes; the 
two inner (stamens and pistil), are called 
essenfinl or<jans. When both calyx .and 
corolla are present, the plants are Di- 
chlamyduoiis {Hi;, twice, and a 

covering); occasionally one or both become 

abortive, and then the flower is either Monochlamydeous {ftevo;, single), 
having a calyx only, or flc/ii/amy- /')_ 

deous ,(«i privative) or naked, 
having only the essential organs, 
and no flortil envelope. 

352. The Floral Furrlopco 
consist of the calyx and corolla. 

In most cases, especially in Exo¬ 
gens, these two whorls arc easily 
distinguishable, the first being 
external and green, the latter in¬ 
ternal, and more or less highly P 

coloured. If there is only one 
whorl, then, whatever its colour 

* At the conclusion of the rcmarlvs on the or/jan.*! of rcproiluction, notice la tuken of various 
metamorphoses iTudut ed in flow ers by the causes .ibnve sitccifled 

FIb 259 —Flowci of Scilla italica }>' p' p\ Tliiee exteinal leaflets, or divisions of the perianth 
orPorigone. p" p" p". The three internal leaflets. e\ Stamens, oppoMte to the fll^t oi external 
leaflets, e". Stamens, opposite the second or internal leaflets, o, Ovanes united togetlier Into 
one. #, Three styles, consolidated as to toi in one. 

Fig 260—Flower of White Lily {fAltnin album), p, Perianth or Perigono, havlnir three parts 
exterior, p e, alternating with three Interior, p t. e. Stamens, having versatile mithci s attached 
to the top of the tilamenta. s, Stigma at the apex of the style. 
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or degree of development, it is the calyx. Sometimes, as in many 
Endogens, the calyx and corolla both display rich colouring, and are 
apt to be confounded. In such cases, the term Paianlh (■s-fji, 
around, and civks, flower), or Perigone («•£{! and pistil) has been 
applied to avoid ambiguity. Thus, in the Tulip, Crocus, Lily, Hya¬ 
cinth, in place of calyx and corolla, authors speak of the parts 
of the perianth, although in these plants, an outer whorl (calyx), 
may be detected, of three parts, and an inner (corolla), of a similar 
number arranged alternately. Thus, the perianth of the White Lily 
(fig. 2G0 p), consists of three outer parts, p e, alternating with three 
internal parts, p i, surrounding the essential organs, e, the stamens, 
and s, the pistil. 

353. The term perianth then is usually confined to the flowers of 
Endogens, whatever colour they present, whether green, as in Aspa¬ 
ragus, or coloured, as in Tulip. Some use the term perianth as a 
general one, and restrict the use of perigone to cases where a pistil is 
present, not applying it to unisexual flowers in which stamens only 
are produced. In some plants, as Nymphica alba (fig. 310), it is not 
easy to say where the calyx ends, and the corolla begins; as these two 
whorls pass insensibly into each other. 

354. Fiowcr-bnd. —To the flower-bud, the name alabasfnts (mean¬ 
ing rose-bud) is sometimes given, and its period of opening has been 
called anihesis [duSmie, flower opening), whilst the manner in which 
the parts are arranged with respect to c.ach other before opening, is 
the asiivaiion {aslivm, belonging to summer), or jirafioraiion {pi m, 
before, and fios, flower). The latter terms bear the same relation to 
the flower-bud, that vernation does to the leaf-bud, and distinctivB 
names have also been given to the different arrangements which it 
exhibits. When the parts of a whorl are placed in an exact circle, 
and are applied to each other by their edges only, without overlapping 
or being folded, thus resembling the valves of a seed-vessel, the msti- 
vation is valvate, as in calyx of Guazurna ulmifolia (tig. 261 c). The 
edges of each of the parts may be turned either inwards or outwards; 
in the former case, the restivation is induplicate, as in corolla of Gua- 
zuma ulmifolia (fig. 261 p), in tlie latter reduplicate, as in calyx of 
Althsca rosea (figs. 262 c, 263 c). When the parts of a single whorl 
are placed in a circle, but each of them exhibits a torsion of its 
axis, so that by one of its sides it overlaps its neighbour, whilst its 
side is overlapped in like manner by that standing next to it, the 
aestivation is twisted or contorted, as in Corolla of Althma rosea (figs. 
262 p, 264 p). This arrangement is characteristic of the flower-buds 
of the Malvaceae and Apocynacem, and it is also seen in the Convol- 
vulaceffi and some Caryophyllaccae. When the flower expands, the 
traces of twisting often disappear, but sometimes, as in Apocynacese, 
they remain. 
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355. In these instances of sestivation, the parts of the verticils are 
considered as being placed regularly in a circle, and about the same 



height, and they are included under circular aestivation. But there 
are other cases in which there is a slight difference of level, and then 
the true spiral arrangement exhibits itself. This is well seen in the 
leaves of the calyx of Camellia japonica (fig. 

2C5 c), which cover each other partially like 
tiles on a house. This estivation is imht icated. 

At other time.s, as in the petals of Camellia 
(fig. 2G5 /»), the parts envelop each other com¬ 
pletely, so as to become convolute. This is 
also seen in a transverse section of the calyx 
of Magnolia grandillora (fig. 2G7), where each 
of the three leaves embraces that within it. 

When the parts of a whorl are five, as occurs 
in many Exogens, and the imbrication is such, 
that there are two parts external, two internal, 
and a fifth which partially covers one of the internal parts by its 
margin, and is in its turn partially covered by one of the external 
parts, the aestivation is quincunxial (fig. 2GG). This quincunx is com¬ 
mon in the corolla of llosacca;. Pig. 2GG is a horizontal section of 
the calyx in the flower-bud of Convolvulus sepium, in which the parts 
are numbered according to their arrangement in the spiral cycle, and 
the course of the spiral is indicated by a line of points. In fig. 268, 
a section is given of the bud of Antirrhinum majus, showing the 
imbricated spiral arrangement. In this case it will be seen, when 
contrasted with fig. 26G, that the part marked 2, by a slight change 



¥ip. 261—Diagram of calyx, c, and corolla, p, in tho bud of Guazunift ulmifolla. iEstivatlon 
of calyx valvate, of petals induphcatp. • 

Fig 2'>2.—Diagram of calyx, c, and corolla, p, in the flower-bud of Althflea rosea. .^Jstlvation of 
calyx reduplicate, of petals contorted or twisted. 

Fig. 2t»3.— Flowcr-bud of Althftia rosea in u voting state, showing calyx, e, still completely 
cnvdoiung the other paits, and the edges of Its divisions touching cacli otlier. 

Fig. 264 —The same in a more advanced state, where the calycirie divisions, c, are soMrated 
so as to allow the expansion of the corolla, the petals of which, p, are contorted in ajstivatlon 
Fig. 265 — Flow er-bud of Camellia Japonica. c, Imbricated sepals of the calyx. />, retals with 
couvolute sestivation. 
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in portion, has become overlapped by 4. In flowers, such as those 

of the Pea 379, fig. 292), 
parts, the vexillum, 

) (fi ll! if' is often large and folded over 

* V/' J/J -oV /'* others, giving rise to vexil- 

_ lary a;stivation, or the carina 

< 1 may perform a similar part, and 

then the a?stivation is carinal. 

356. The different verticils often differ in their mode of aistivation. 


Thus, in Malvacea;, the corolla is contorted, and the calyx valvate, or 
reduplicate (fig. 264). In Convolvulacete, while the corOlla is twisted, 
and has its parts arranged in a circle, the calyx is imbricated and 
exhibits a spiral arrangement (fig. 266). In Ouazuma (fig. 261), the 
calyx is v.alvate, and the corolla indn|)licate. The circular aestivation 
is generally associated with a rcgttlar c.tlyx and corolla; while the 
spiral aestivations arc connected with irregular as well as regular forms. 

3.57. The different parts of the flower, besides having a certain 
position as regards each other, bear also definite relations with respect 
to the floral axis whence they arise. An individual part of a flower 
may bo turned to the one or the other side of the axis, to the right or 
to the loft, in its normal slate, and the same will be the case with the 
corresponding parts of the other (lowers. This law often holds good 
with whole groups of plants, and a means is i.hus given of character¬ 
izing them. If a whorl of the flower consists of four parts, that which 
is turned towards the floral axis is called superior or posterior, that 
next the bract whence the pedicel arises is inferior or anterior, while 
the other two are lateral. If again, there are five parts of the whorl, 
then two are inferior, two lateral, and one superior. In plants having 
blossoms like the Pea, the vexillum, or odd petal, is the superior part; 
whilst in the calyx, the odd part, by the law of alternation, is inferior. 
Sometimes the twisting of parts makes an apparent change in their 
position. 


External Floral Whorls, or Floral Envelopes. 


358. Calyx.— The calyx is the external envelope of the flower, and 
consists of verticillate le.aves, called sepals, Jbliola, or phylla, (^folium, 
and a leaf). These calycine leaves are sometimes separate from 

each other, at other times they are united to a greater or less extent; 
in the former case, the calyx is polysepalous or polyphyllous (■s-oxif, 

Fiff 2fi6.—Horizontal section of calyx in ttowcr-butl of Convolvulus scpiuin Calyx consists of 
five bentils correnpoudinf? to the luiraliejs in tlic hmne, and Uie lino of points indicates the direc¬ 
tion of the spiral accordinp to uhich tliey arc nnmmcd. 

Fig 2G7 —Arrangement of the three outer Icaflels (calyx) in the bud of Magnolia grandiflora, 
cut transversely; astlvatlon comolute. 

Fig. 3^ —Arrangement of the paiTs of the calyx in the flower of Fiogsmouth (Anttrfhtnum 
rti(ijui) ^ The arrangement diflers from that iu fig 2C0, on account of a slight twisting and over¬ 
lapping of the paits. 
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many), in the latter gamosepalo'us or gamophyUous, monosepaloue or 
monophyllovs (yx/io;, union, or ftonog, one). The divisions of the calyx 
present usually all the characters of leaves, and in some cases of mon¬ 
strosity they are converted into the ordinary leaves of the plant. This 
is frequently seen in the Itose (fig. 226 c), Pseony, &c. Their structure 
consists of cellular tissue or parenchyma, traversed by vascular bundles, 
in the fornr of ribs and veins, containing spiral vessels, which can be 
unrolled, delicate woody fibres, and other vessels,—the whole being 
enclosed in an epidermal covering, having stomata, and often hairs on 
its outer surface, which corresponds to the under side of the leaf. 

359. The venation of the calyx in the great divisions of the vege¬ 
table kingdom, is similar to that of their leaves; parallel in Endogens, 
reticulated in Exogens. The leaves of the calyx are usually entire 
(fig. 269), but occasionally they are cut in various ways, as in the 
liose (fig. 270 c/), and they are sometimes hooked at their margins, as 
in Kumex uncatus (fig. 271 c i). In the last-named plant, there are two 
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whorls of calycine leaves, the outer of which, c c, are entire, and there 
are also swellings, g, in the form of grains or tubercles on the back 
of the inner hooked sepals. The outer leaves, c e, may be looked upon 
in such cases as bracts occupying an intermediate place between leaves 
and sepals. It is rare to find the leaves of the calyx stalked. They 
usually consist of sessile leaves, in which the laminar portion is only 
slightly developed, and frequently the vaginal part is alone present. 
Sepals are generally of a more or loss oval, elliptical, or oblong form, 
with the extremity cither blunt or acute. In their direction they 
are erect or reflexed (with their apices downwards), spreading out- 


Fig. 9(>9 —Pentaphyllous or poiitiu'^epalous calyx of Stcllaria ITolostea; sepals entire 
Fig. 270.—Flower of t1ie IvO^e, cut vei tically c Tube ot the calyx, c/, Limb of calyx divltled 
into leaflets e c, Stamens, o o, Ovaiies, each having a style which readies beyond the tube of 
the calyx, and ending in a ntigma, 8 

Fig 271.—Cal) X of liutncx uncatus, composed of two verticils or whorls; the outer, c r, having 
short and entire divisiona; the Inner, ct, having larger divisions, which exhibit at the margio 
nan’ow hooked piojections, aud have at their base a granulai swelling, 
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wards (divergent or patuloni), or arched inwards (connivent). They 
are usually of a greenish colour, and are called foliaceoue or herbaceous; 
but sometimes they are coloured, as in the Fuchsia, Tropceolum, and 
Pomegranate, and they are then called petaloid. Whatever be its 
colour, the external envelope of the flower must be considered as the 
calyx. 

360. The nature of the hairs on the calyx gives rise to terras similar 
*0 those already mentioned as applied to the surfaces of plants (If GO). 

The vascular bundles sometimes 
form a prominent rib (figs. 272, 
273), vi’hich indicates the middle 
of the sepal, at other times they 
form several (fig. 274). The vena¬ 
tion is useful in pointing out the 
number of leaves -which form a 
gamosepalous calyx. At the part 
where two sepals unite, there is 
occasionally a prominent line, formed 
by the union of the vessels of each 
(fig. 274), which divides near the apex into two branches, each follow¬ 
ing the course of their respective sepals. 

361. In a polysepalous calyx, the number ef the parts is marked by 
Greek numerals prefixed. Thus, a trisepalous calyx has three sepals, 
pentasepalous or pentaphyllous, five, as in Stellaria Holostea (fig. 269), 
and so on. The sepals occasionally are of different forms and sizes. 
Thus, in Aconite, one of them lias a peculiar helmet shape, and has 
been called galeate {galea, a helmet); some authors regard this as a 
petal, but it seems to belong to the outer whorl, and is consequently 
a part of the calyx. In Calcophyllum, one of the sepals enlarges after 
the corolla falls, and becomes of a fine pink colour. 

362. In a monophyllous or gamosepalous calyx, the sepals adhere 
in various ways, sometimes very slightly, as in QSnothera; and their 
number is marked by the divisions at the apex. These divisions are 
either simple projections in the form of acute or obtuse teeth (fig. 273), 
or they extend about half way, as fissures, the calyx being trijld (three- 
cleft), quinquefid (five-cleft), as in Primula elatior (fig. 272), according 
to circumstances; or they reach to near the base in the form of parti¬ 
tions, the calyx being tripartite, quadripartite, quinqucpaitite, &c. The 
adhesion or union of the parts may be complete, and the calyx may 
be quite entire or truncate, .as in some Correas, the venation being 
the chief indication of the difierent parts. The adhesion is sometimes 
irregular, some parts uniting to a greater extent than others, thus 

Fljf. 272.—Quinquefid or five-cleft calyx of Primula elatior'or the oxllp. 

KIr 27'3.—five-toothed calyx ofbilene iiifiata. 

Fig. 274 —Calyx, c^ of Ujhibcus, with its caliculua or cpicalyx, b. 
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forming a two-lipped or laliate calyx, which, when the npper lip if 
arched, becomes rimjent. The upper lip is often composed of three 
parts, which are thus posterior or next the axis, while the lower has 
two, which are anterior. The part formed by the union of the sepals 
is called the tube of the calyx; the upper portion where the sepals are 
free is the limb. Sometimes a monophyllous calyx assumes an angular 
or prismatic form, as in Lamium and Primula, and then the angles are 
marked by the midribs of the sepals which form it. Occasionally the 
calyx has a globular form, at other times it is bell-shaped, funnel-shaped, 
turbinate (like a top), or inflated. 

olid. Occasionally, certain parts of the 
sepals undergo marked enlargement. In the 
Violet, the calycirie segments {lacimtr) are pro¬ 
longed downwards beyond their insertions, 
and in the Indian Cress (Troposolum) this 
prolongation is in the form of a spur {calcar'), 
formed by three sepals (fig. 275 e) ; in Del¬ 
phinium it IS formed by one. When one or 
more sepals are thus enlarged, the calyx is 
calcarate or spurred. In the Pelargonium, the 
spur from one of the sepals is adherent to the 
flower-stalk. 



364. In some plants, as the Mallow tribe, the flower appears to be 
provided with a double calyx, which has been denominated caliculate, 
the outer calyx being the epicahi-c. In fig. 274, c represents the calyx 
of Hibiscus, and b the smaller calyx or epicalyx outside; and in fig. 


276, the same thing is shown in Potentilla verna. ■a 

Many authors look upon the outer calyx as a col- £\ f'' 

lection of whorlcd bracllets, or an involucre placed 
immediately below the flower. In some cases the 
projecting teeth between the divisions of the calyx, 
as in Ro.saceac, are to be traced to the transformed 
stipules of the calycine leaves. Degenerations take ^ 
place in the calyx, so that it becomes dry, scaly, and 276 
glumaceous (like the glumes of grasses), ns in the Rush tribe; hairy, as 
in Compositai; and a mere rim, as in some Umbelliferse and Acanthaceae, 


when It is called obsolete or manjinate. 


365. In Compositse, Dipsacca;, and Valerianacete, the tube of the 
calyx adheres to the pistil, and the limb is developed in the form of 
hairs, called pappus. This pappus is either simple (pilose) (fig. 278), 
or feathery (plumose) (fig. 279). In cases where, to the naked eye, 
the hairs appear to be simple, the application of a lens sometimes 
exMbits distinct tooth-like projections often irregularly scattered. In 


Fig. 275.—Calcarate calyx of Tropcpolum or Indian cress. «, Spur or calcy p, Pedicel 
Fig. 270.—Calyx, c c, of Poteotiila vema, witU its epicalyx or callculas, 5 5. 
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figs. 277, 278, and 279, there are examples of calyces, c, the tubes of 
which, t, are united to the pistil, while the limbs, Z, show the transition 
from the narrowed thread-like form in Cafananche cseruJea (fig. 277), 
to the pilose in Scahiosa atro-purpurea (fig. 278), and thence to the 
plumose in Pterocephalus patestinus (fig. 279). In Valeriana, the 
limb of the calyx at first seems to be an obsolete rim, but as the fruit 
ripens, it is shown to consist of hairs rolled inwards, which expand so 
as to waft the fruit. 



S(j(). The calyx sometime.s hills off before the flower expands, as m 
Poppies, and is caducous; or along with the corolla, as in Eanunculus, 
and is deciduous ; or it remains aftiT flowering, as in Liibiatse, Scrophu- 
lariacea?, and Boraginncc.'e; or its base only is persistent, as in Datura 
Stramonium. In Kschsoholtaia and Eucalyptus, the parts of the calyx 
remain united at the upper part, and become disarticulated at the base 
or middle, so as to come oft' in the form of a lid or funnel. Such a 
calyx is npcrcuUite {opercubtm, a hd), or cabjplrate (xaAexrj*, a cover¬ 
ing). The existence or non-existence of .an articulation determines 
the deciduous or persistent nature of the calyx. In the case of Esch- 
scholtzia, the axis seems to be prolonged so as to form a sort of tube, 
from which the calyx sejiarates. In Eucalyptus, the calyx consists of 
leaves, the lamina' or petioles of which arc articulated like those of 
the Orange, and the separation between the parts occurs at this 
articulation 

367, The tube of the c.alyx is sometimes united to the pistil, and 
enlarges subsequently, so as to form a part of the fruit, as in the Apple, 
Pear, Pomegranate, Gooseberry, &c. In these fruits the limb of the 
calyx is seen at the apex. Sometimes a persistent calyx increases much 
after flowering, without being incorporated with the fruit, becoming 

Figs. 277—279.>-EKfjinples of calyces the limbs of which, f, gradually pass into the state of 
hairs or pappus c, Calyx, the tube of which, is united to the ovary, and forms a narrow 
column above it, In figs. 27«, 279, the limb, /, cimsisting of numerous simple or feathery hairs, 
t, Involucre or gamo.spp;ilou3 bracts cut vertically. 

Fig. 277.—Calyx of Cataimnche ca-rulca. 

Klg. 278.—Ciilvx of Scabiosa atro-purpurea. 

Fig 279.— Calyx of Pterocephalus paUestiDUS. 
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accrescent (accresco, I increase), as in various species of Physalis (fig. 
280); at other times it remains in a withered or marcescent (mm ccsco, 
J decay) form; sometimes it becomes inflated or 
vesicular. In Trifolium fragiferum, the union 
of the inflated calyces causes the strawberry- 
like appearance^of the head of llowcrs when • 
in fruit. 

3G8. Corolla. —The corolla is the more or 
less coloured inner floral envelo[>e, forming 
the whorl of leaves between the calyx ami 
the stamens. It is generally' the most con¬ 
spicuous whorl. The gay colours and fragrant 
odours of flowers .arc resident in it. It is c 

present in the greater number of Exogens. It 
is composed of jiarts which are usually disposed 
in one or more vertuallate rows, and which 
are called petals (•x-tranov, a leaf), 'fho petals 
sometimes form a continuous .‘■piral with the calyciiic segments, but in 
general they are dispo.sed in a ciicle, and idternato with the sepals. 

301). Fet.als diller more from leaves than sepals do, and are much 
more nearly allied to the next whorl or the stametis. In some cases, 
however, they are transformed into leaves like the calyx, and occa¬ 
sionally leaf-buds are develofied in their axil. They tire seldom green, 
although occasiontilly this colour is met with, as iu some Cobmas, 
lloya viriclillora, Gunolobus virtdillorus, atid Pentatropis spiralis. 
They are generally white, red, blue, or y'cllow’, or exhibit some colour 
produced by an intermixture of these. The colouring matter is con¬ 
tained in cells, and diflers in its nature from the chlorophylle of the 
leaves. As regards their structure, petals consist of cellular tissue 
traversed by true spirtd vessels, and thin-w.alled tubes. In delicate 
flowers, as Convolvulus and Anagallis, these vessels are easily seen 
under the microscope. Petals do not usually present numerous layers 
of colls like the leaves, neither is the epidermis always distinct, although 
in some instances it may bo detached, e.specially from the surface next 
the caly.x. The cuticle of the petal of a Pelargonium, when viewed 
with a or | inch object glass, shows beautiful hexagons, the boun¬ 
daries of which arc ornamented with several inflected loops in the 
sides of the cells. 

370. On the outer surface of petals, corresponding to the lower side 
of leaves, stomata are sometimes found. Petals are generally glabrous 
or smooth; but, in some in.stanccs, hairs are prodticocl on their sur¬ 
face. Pet.aline hairs, though sparse and scattered, present occasionally 
the same arrangement as those which occur on the leaves: thus, in 

FSff. 280 —Accrescent calyx, c, connected with the fivlt of riiysutis alkekcuKt 
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Bombacese they are stellate. Coloured hairs are seen on the petals 
of Menyanthes, and on the segments of the perianth 
of the Iris. Although petals are usually very thin 
and delicate in their texture, they occasionally be¬ 
come thick and fleshy, as in Stapelia and RafBesia; 
or dry, as in Heaths; or hard and stiff, ^ if Xylopia. 
A petal often consists of two portions—the lower 
narrow, resembling the petiole of a leaf, and called 
the unguis or claw; the upper broader, like the blade 
of a leaf, and called the lamina or limb. These parts 
are seen in the petals of the Pink (fig. 281), where 
0 is tlie claw, and I the limb. The claw is often 
wanting, as in the Rose, and the petals are then 
sessile. Those having a claw arc ungukutaie. 

371. Petals, properly so called, belong to Exogenous plants, for in 
Endogens the flowers consist of a perianth or perigone, which is re¬ 
ferred to the calycine envelope. Hence the venation of petals re¬ 
sembles that of exogenous leaves. In the claw the vessels are approxi¬ 
mated, as in the petiole, and in the limb they expand. There may 
be a median vein whence lateral veins go off, at the same or difterent 
heights, forming reticulations; or there may be several primary veins 
diverging from the base of the limb, and forming a sort of fau-shaped 
venation. At other times the median vein divides into two. 



372. According to the development of veins, and the growth of 
cellular tissue, petals present varieties similar to those already noticed 
in the case of leaves. Thus the margin is either entire or divided into 
lobes or teeth. These teeth sometimes form a regular fringe round 


f the margin, and the petal becomes fimbriated 
{fimbria, a fringe), as in the Pink (fig. 281); 
(X or laciniated, as in Rychnis Flos-cuculi; or 

l\\ I f. j I crested, as in Polygala. The median vein is 
\s \ V ! j occasionally prolonged beyond the summit of 
\ 1/ the petals in the form of a long process, as in 
nAJ// Strophanthus hispidus, where it extends for 
A)/ seven inches; and at other times it ends in 
H/ oUl a free point or cuspis, and thus becomes cus- 

pidate; or the prolonged extremity is folded 
downwards or infloxed, as in the Urabelliferaj (fig 282), so that the 
point approaches to the base. If the median vein divides into two, 
the space between the divisions may be filled up so as to leave only a 


Fig 281.—An nnffntculate petal of DIanthua monspcasulanus. o, Unguis or claw. 2, Limb 
which is tlmbriated, or has a frinsed margin. 

Fig 282.—A petal of Eryngium campestre, with the apex Inflected or turned down towards the 
base. 

^ ig 28').—A bipartite petal of Alslno ’uedia, or common Chickweed. 2, The Umb split into two 
Ot Tue clixw. 
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sliglit deficiency, and thus the petal becomes emarginale; or the de¬ 
ficiency may be greater, while the limb gradually expands from below 
upwards,* and its extremity becomes two-lobed, so that the petal 
becomes obcordate. If the separation extends to the middle, it is hi/id; 
if to near the base, bipartite, as in Chickweed (fig. 283 1). In the 
same way as in leaves, the venation of the petals is sometimes unequal, 
and the cellular tissue is developed more on one side than on the other, 
thus giving rise to an oblique petal. 

373. According as the veins proceed m a straight or curved direc¬ 
tion, so may the limb of the petal be flat or concave, or hollowed like 
a boat, cymhiform or navicular (cymba, a boat, and navis, a ship), or 
like a spoon, cochleariform {cochleare, a spoon). In the case of the 
navicular petal, the median vein forms a marked keel. In Hellebore, 
the petals become folded in a tubular form, resembling a horn; in 


Aconite (fig. 284), some of the 
petals, p, resemble a hollow 
curved horn, supported on a 
grooved stalk, while in Colum¬ 
bine (fig. 283), Violet, Snap¬ 
dragon, and Centranthu.s, one 
or all of them are prolonged 
in the form of a spur, and are 
calcarate (calcar, a spur). In 
Valeriana, Antirrhinum, and 
Corydalis, the spur is very 
short, and the corolla or petal 
is said to be gibbous (gilbus, a 
bunch or swelling), or saccate 
at the base. In some Bora- 
ginaceoe (fig. 297), there are 
foldings at the upper part of 
.the tube of the corolla, r, 
causing hollow projections. 



2Bt 



open on the outside, which might be considered as small internal spui’s. 

374. When a petal continues narrow, as if formed by a prolonga¬ 
tion of the claw, it is called linear; when the limb is prolonged below, 
so as to form two rounded lobes, it is cordate, as in the petal of Genista 
candicans (fig. 286), and when the lobes are acute, it may be sagittate 
or hastate. The meaning of the epithets applied to the forms of petals, 
wiU be understood by considering those applied to leaves. In general. 


Fig. 284'—Pait of the flower of Aconltum Napellua, showing two irregular hom-like petals, p, 
supported on grooved stalks, o. These used to be called nectai-ies. The whorl of stauens lu- 
serted on the thalamus, and surrounding tlie pistil. 

Fig. 285—Single spuned petal of Aquliegla vulgaris, or common Columbine, fbnnod by a 
folding of the margins 

I'ig. 286'.-Cordate or cordifoim petal of Genifta candicans. o, The claw. 
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it may be stated, that the terms refer to the limb of the petal, which is 
frequently the only portion developed. In the Poppy, the petals have 
a puckeied or corrugated appearance, arising from their deliCacy, and 
the mode in which they are folded in sestivation. Other petals have 
a crisp or wavy margin. 

375. A corolla rarely consists of one petal, and when this occurs, 
as in Amorpha, it depends on the abortion or non-development of 
others. Such a corolla is unipetalons {anus, one), a term quite distinct 
from monopetalous 370). In general, the corolla consists of several 
petals, equalling the sepals in number, or being some multiple of them. 
^Vhen this is the case, the floral envelopes are said to be symmetrical; 
when, however, by the abortion of some of the jietals the numbers 
do not correspond, then the flower becomes vnsyinmetrical. When 
alluding to the general symmetry of the flower, the various changes 
produced by some petals being undeveloped will Vte considered. A 
corolla is dipetalous, tripctalous, letmpetalmis, or pcniapetalous, accord¬ 
ing as it has two, three, four, or five sej)arato petals. 

376. The general name of yoliqx-talous (yr<j>v(, many), is given to 
corollas having separate petals, w'lnle nwii<q>ctalous or yamopetalous 
(ftiucf, one, and ’ya.yos, union) is npjilied to those in which the petals 
are united. This union generally takes place at the base, and extends 
more or less towards the ape.x; in I’hyteuma, the jietals are united at 
their apices also. In some polypctalous corollas, as that of the Vine, 

in which the petals me separate at the base, 
they adhere by their apices. That a mono¬ 
petalous corolla consists of several petals 
united, is shown in such eases as Phlox 
amocna, some .specimens of which have the 
petals more or less completely disunited, 
while others exhibit the normal form of co¬ 
herent petals. When the pet.als are equal as 
regards their development and size, the corolla, 
is regular, when unecjual it is inegular. 
Even although the separate petals arc oblique, 
still, if they are all equally so, as in many 
Malvaceae with twisted restivalion, the corolla 
is regular. The size of the corolla as com¬ 
pared with the calyx, the number, direction, 
and form of it.s parts, and their relation to 
the axis of the plant, require attention, 
is monopetalous, it usually happens that the 
claws, or the lower parts of the petals, are united into a tube{figs. 287, t, 

FIfr, 287.—monopetalous or camopetalr'iis tubuhir cnollaof Splgolia marylandlca. 
c, Calyx, t, Tube ot the corolla. I, Limb ot tlie coiolla Sumr- ‘ of s'-yJo an l 
Fill. 288 .—lireffular gnmopetulous oi monopetalous corolla of Ll^ 1 .an» i-uii a t.i, oi loxifloro. 
c, Calyx, p, Coiolla. ^ Tube. Limb. * 





377. When a corolla 
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288 <), wbile the upper parts are either free or partially united, so as 
to form a common limb (fig. 287 1), the two portions being separated 
by the faux or throat, wliich often exhibits a distinct contraction or 
expansion. The number of parts forming such a corolla can be deter¬ 
mined by the divisions, as by the number of teeth, crenations, fissures, 
or partitions; or if, as rarely happens, the corolla is entire, by the 
venation. The union may be equal among the parts, or some may 
unite more than others, leaving gaps between the united portions. 
Sometimes the tubular portion is bent, as in Lycopsis ; at other times 
the limb is curved at its apes, as in Lamium. 



/ "I 










378. Kesiiinr Foiyprtnioiio — Among them may be noticed 

the rosaceous corolla, in uhich there are five spreading petals, having 
no claws, and arranged as in the single 
Kose (fig. 289) and I'otimlilla; the cat ijo- 
phyllaceovs corolla, in which there are five 
jretals with long narrow tajjering claws, as 
in many of the Pink tribe (figs. 290, 281): 
the alsinaceous, where the claw is less 
narrow, and there are distinct .spaces be¬ 
tween the petals, as in some spi'cios of 
duckweed; cruciform, having four petals, 
often unguiculate, placed opposite in the 
form of a cross, as seen in Wallfiower (fig. 

291}, and other plants called crvnjcrous {crux, a cross, imdfero, 1 




\ 


beat). 


Fi(t 289 -PoljiiclalOHS flower of Rosa rnIii(;inos.a, or llic Swoct-bner b, liiait or floral loaf 
c I, 'Rube of coly.x, nlinli fiaiiis tile odiisincuous pint of wh.it is oommotily imIIoiI llie fuiit 
«/. Cf, ef, tf. Sepals oi folmla of tliu calj \ i)ppp. Petals wiUiout a claw, r, Stamens attaelird 
to the calyx. 

Fig 2;)0.-Polypctalou8 flower of Dinntlms morisprs'ailanns. b. Bracts c, Calyx pp. Petals 
with their chiws, o. apinoximated so as to foirn ,t tube. 

Fig. 291.—Cruciferous flowei of Chenaiitluis Chen I, or Wallflower e. Lobes of the sepals; tho 
two external sejials being prolonged mfevioily, .so as to tonn u .sort of .spur oi svielling. pp, 'I'lio 
four petals arranged like a cross, e, TJic foui loiiffcr stauicns, the suiuiiiits ot the unthcis being 
visible. “ ^ 
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379 Irregular PoljrpeialouR CoroUaa. —The most marked of these 
is the papilionaceous (fig. 292), in which there are five petals; one 
superior (or posterior), turned next to the axis, usually larger than the 
rest, e, and folded over them in asstivation, called the vexillum or stan¬ 
dard ; two lateral, a, the alw or wings; two inferior(or anterior), partially 
or completely covered by the alee, and often united slightly by their 
lower margins, so as to form a single keel-like piece, 4, called carinOy 
or keel, which embraces the essential organs. This 
corolla occurs in the Leguminous plants of Bri¬ 
tain, or those plants which have flowers like the 
pea. Among the irregular polypotalous corollas 
might be included the orchidaceous, although it 
is, properly speaking, the perianth of an Endogen. 

This perianth consists of three outer portions 
equivalent to the calyx, and three inner alternat¬ 
ing with them, constituting the petals. The latter 
are often very irregular, some being spurred, others hooded, &c.; and 
there is always one, called the labellum or lip, which presents a 
remarkable development, and gives rise to many of the anomalous 
forms exhibited by these flowers. 




380. Bfgnlar Monopctalons or Gamopetalons Corollas. —These are 
sometimes campanulate or bell-shaped, as in Campanula rotundifolia 


Fiff. 292.—Irrpprular polypetalons corolla in the papiUonaceona flower of Latliyrus odoratiifi, or 
Sweet-pea. c, Calyx, e, VcxiUmn oi standard, a. Two alae or wings. 6, Carina or keel, formed 
of two petals. 

Fig 293.—Rejrular Tnor»opetnlou«i or gamopetalous campanulate or bcll-shapcd corolla of Cam¬ 
panula rotundifolia. c, Calyx Limb of corolla. Stigma 
Fig. 294.—Regular monopetalous or gumopetalous latundibullfonn corolla of Nicotluna Taba- 
cum, or Tobacco. Tlie letters as m fig 293. 

Fig. 295.—Regular monopetalous or giimopetalous bypocraterlfonn corolla of Primula elatior, 
or Oxlip. e, Calyx j?. Corolla, t Tube. U Limb, a, Anthers 
Fig. 29C.—Regular gamopetaloua tubular corolla of Syinphytuin officinale, or common Comfrey. 
c, Calyx, f, Tube of corolla. 1. Limb, a, Stigma, r, External depreesed surface of folds whleli 
ct into tlie tube of the corolla. 
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(fig, 293); infundihuVform or jknnel-shaped, when the tube is like an 
inverted cone, and the limb becomes more expanded, at the apex, as 
in Tobacco (fig. 294)); hjpocraierifonn or salver-shaped, when there 
is a straight tube surmounted by a flat spreading limb, as in Primula 
(fig. 295); tubvlar, having a long cylindrical tube, appearing continu¬ 
ous wit^the limb, as in Spigelia (fig. 287), and Comfrey (fig. 296); ro¬ 
tate or whed-shaped, when the tube is very short, and the limb flat and 
spreading, as in Myosotis (fig. 297); when the divisions of the rotate 
corolla are very acute, as in Galium, it is sometimes called stellate or 
star-like; urceolate or urn-shaped, when there is scarcely any limb, 
and the tube is narrow at both ends, and expanded in the middle, as 
in Erica cinerea (fig. 298). Some of these forms may become irre¬ 
gular in consequence of certain parts being more developed than 
others. Thus, in Veronica, the rotate corolla has one division much 
smaller than the rest, and in Digitalis there is a slightly irregular 
campanulate corolla (fig. 288), which some have called digitaliform. 



381. Irrf'gnlar jnonopemlonii or Cinmopetalons Corolla*. —Among 
these may be remarked the labiate or lipped (fig. 299), having two 
divisions of the limb in the form of what are called labia or lips 
(from a fancied resemblance to a mouth), the upper one composed • 
usually of two pieces, and the lower of three, separated by a hiatus 
or gap, 1. In such cases the tube varies in length, and the parts of 
the calyx follow the reverse order in their union, two sepals being 
united in the lower lip, and three in the upper. When the ni)per 
lip of a labiate corolla is much arched, and the lips separated by a 
distinct gap, it is called rimjait (ringo, I grin). The Labiate corolla 

Fig. 297 —Ecgular gamopetalous rotate corolls of Myosotis palustri.s or rorgct-mc-not. c, 
Calyx, p, Coiolia. r. Folds of the corolla, foimmg projections at tlie upper part of tlie tube, 
wlilch are opposite to the lobes of the coi olla. 

Fiff. 298.—Kegular gomopctalous urceolate or um-sliaped corolla of Erica cinerea, or cross-leaved 
Heath Letters as in fij?. 295. 

Fit; 299 —liTegular Kamopetalous labiate or lipped corolla of Salvia pratensis c, Calyx, 

Tube of corolla, f, Limb, forming two lips, having a gap or hiatus between them, a, Summit 
of style. 

Fig. 800.—Iiregulor gamopetalous personate or masked corolla of Antirrhinum mnfua, or Frogs- 
ZQouth. Cy Calyx. <, 'fube of corolla, having a pbbosity or swelling, a, at its base. /, Limb of 
corolla, g, The iaux or mouth closed by a projectiou of the lower lip, p. 
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characterizes the natural order Labiatae. In Lobelia, there is a Labi¬ 
ate corolla, the upper lip of which becomes convex superiorly, and is 
split to near the base. When the lower lip is pressed against the 
upper, so as to leave only a chink or rictus between them, the corolla 
is said to be personate or masked (persona, a mask), as in Frogsmouth, 
Snapdragon, and some other Scrophulariacem (fig. 300), ^nd the 
projecting portion, p, of the lower lip is called the palate. In some 
corollas the two lips become hollowed out in a remarkable manner, 
as in Calceolaria, assuming a sli[)per-like appearance, similar to what 
occurs in the labellum of some Orchids, as Cypripedium. Such cal- 
ceolate (calceoliis, a slipper) corollas may be considered as consisting 
of two slipper-like lips. 

382. When a tubular corolla is split in such a way as to form a strap¬ 
like process on one side with .several tooth-like projections at its apex, 
it becomes ligidate (liffula, a little tongue), or strap¬ 
shaped (fig. 301). This corolla occurs in many 
composite plants, as in the florets of Dandelion, 
Daisy, and Chi- ory. The number of divisions at 
the apex indicates the number of united petals, 
some of which, however, may be abortive. Occa¬ 
sionally, some of the petals become more united thjp 
Others, and then this corolla assumes a bilabiate or 
two-lipped form. In Conipo,sit:e there are often 
two kinds of llorets associated in the same head, 
I'hus, in tlie Daisy, there are irregular ligulate 
white llorets on the outside or iu the ray, while 
there arc regular tubular yellow llorets in the centre 
or di.se. In Sctevola and in Honeysuckle, the corolla 
is split down to its base, so as to resemble somewhat 
the ligulate form. 

383. nfcriaricM anil Anouialie^ iei Pctala. —Certain 
abnormal appearances occur in the petals of some 
flowers, which received in fjrnu'r d.ays the name of nectaries. The 
term nectary was very vaguely applied by Linnmus to any part of the 
flower which presented an unusual aspect, as (he crown of Narcissus, 
the processes of the I’assion-llower, &c. If the name is retained, it 
ought properly to include only those portions which secrete a honey¬ 
like matter, as the glandular depression at the base of the perianth of 
the Fritillary (fig 302 ?■), or on the petal of Ranunculus, or on the 
stamens of Eutaceae. Some say that in all (lowers there is an apparatus 
for secreting honey connected with the essential organs of the (lower, 
and in some way concerned m fertilization, and tlie nourishment of the 

FIk SOI -IrroCT’nr of Catanancho cajrulca. c. Calyx, with s 

iKiiRque^d hiiib ui if'-*’ n ( \ wi ‘ ay, o e, St.imens %\lth united anthcis, a, 

iythjcutituui). MitioiiinUu^ l‘ c -'N with its bifid slijciuu. 
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young seeds. This opinion is particularly supported by Vauoher and 
Bravais. The sap of Zea Mais is said to contain much saccharine 
matter before flowering, which ultimately passes to the 
flower, and disappears from the rest of the plant. 

What have usually, however, been called Nectaries, 
are mere modifications of some part of the flower, pro¬ 
duced either by degeneration, or by a firocess of 
dilamination (dis, separate, and lamina, a blade), or 
chorization I separate). This process, called 

unlining by Bindley, and deduplication by Ilcnfrey, 
consists m the separation of a layer from the inner 
side of .s petal, either presenting a peculiar form, or 

resembling the part from which it is derived. The 

parts thus produced are not alternate ivith the petals 
or the segments of the corolla, but opposite to them. soz 

in these cases, the petals at the lower part consist of one piece, but 
where the limb and claw seiiarate," or where the tube ends, the vascular 
layer splits into two, and thus two laniince arc formed, 
posteriorly and anteriorly, one of which is generally jhf’ia- 

Jess developed than the other. These dilaminated V '.' ti''a 

scales are w'ell seen in Lychnis (fig. 303 a), Silene, a 7 ^ // 

C^oglossuni, and Jlanunculus, and may be considered 
as formed in the same way as the ligule of grasses (•([ 

IGl). Corollas having these scaly appendages are 
sometimes denominated appendiculate. In other cases, 
as in Cuscuta, the scales are alternate with the petals, 
and are not traced to dilamiuation. This system of 
dilamination has been applied by tiie French botanists 
to all cases in which the parts of whorls become 
opposite in place of alternate. Bindley and others, 
however, believing that the law of alternation is the 
normal one, refer such cases in general to an abortion 
of a whorl, or to some peculiar arrestment in develop- 
ment, as will be shown under the section of Morphology and Symmetry. 

384. In general, the parts called Nectaries, are to be considered as 
merely modifications of tne corolla or stamens. Thus, the horn-like 
nectaries under the galeate sepal of Aconite (fig. 284 p), are modified 
petals, so also the tubular nectaries of Hellebore. The nectaries of 
Menyanthes and of Iris, consist of hairs developed on the petals. Those 
of Parnassia (fig. 004 n), and of the Passion-flower, Stapelia, Asolepias, 
and Canna, are tfinges, rays, and processes, which are apparently 



Fl^. o02—One of the ecffinents, s, of the perianth of IMtHlnria jmpcriaJis. or Crown Imperial, 
with a pit 01 ' <ieprt*s.8lon, r, at its baBc, containing honey-ijke mutter The cavity is coloureti 
difteremly from the rest of the sclent, ami it is often called a nectary, or a nectariferous glan<l. 

Fig 308.—Petal of Lychnis fulgens, seen on its Inner Mde o. Claw /, Limb a, An appendage 
joimed by dllamination or cborizatiou. Tills appendage has been called a iicctury. 
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modifications of stamens, and some consider the crown of Narcissus as 
consisting of a membrane similar to that which unites the stamens in 
Pancratium. It is sometimes difficult to say whether 
these nectaries are to be referred to the row of the 
corolla or of the stamens. The paraphyses of the 
Passion-flower, the crown of Narcissus, and the coronet 
of Stapelia, are referred sometimes to the one and 
sometimes to the other. In general, they may be said 
to belong to that series with which they are immedi¬ 
ately connected. Some have attempted to give names 
according to the parts of which they are modifications, 
by prefixing the term para beside, or close to), 

and speaking of paracorolUt and parastemones. 

804 385. Petals are attached to the axis usually by a 

narrow base, but occasionally the base is larger than the limb, as in 
the Orange flower. When this attachment takes place by an articula¬ 
tion, the petals fall off either immediately after expansion (caducous), 
or after fertilization (deciduous). A corolla or petals which are con¬ 
tinuous with the axis and not articulated, as Campanula, Heaths, &c., 
may be persistent, and remain in a withered or marcescent state while 
the fruit is forming. A gamopetalous corolla always falls off ii^ne 
piece. Sometimes the base of the corolla remains persistent, "in 
Bhinanthus and Orobanche. 




386. Oevciopmeni of Floral Fnrriopcs.— ITie floral envelopes, when 
monosepalous and raonopetalous, first appear in the form of a ring, 
whence various cellular projections arise, constituting the sepals and 
petals; when they are polysepalous and polypetalous, the ring is 
wanting. Even when the parts become ultimately 
unequal, as in Digitalb (fig. 288), they form eqmd 
celliJar papillse when first developed (fig. 305). 
Bameoud has shown this in the irregular Banun- 
culaoesB, ViolacesB, Orchidacese, Labiatm, Scrophu- 
lariaceae, Leguminosse, and Polygalaceae. 

887. In Begoniaceae, the floral envelope at first 
306 appears as a continuous ring, having five very equal 

small segments; some of these, especially in the male flowers, disappear 
entirely or become atrophied. All the observations of Barneoud con¬ 
firm Decandolle’s statement, that irregular flowers are to be referred 
to regular types, from which they seem to have degenerated. There 
appear to be three’principal kinds of irregularity among corollas:—1. 
Irregularity by simple inequaUty of development of the several 
segments, often along with adhesion or atrophy, or arrest of growth: 

Fl(f. 304.—Petal, p, of Paniassia palustris, or grass of Parnassus, with a nectary, n, which ap¬ 
pears to be an abortive state of some of the stamens. 

— ;. 805.—Bud of the Irregular gumopetalons flower of Digitalis pnrpnrea c c. Calyx. Corolla, 

) In ito early development Is regular, e, The stamens at projecting l^ond the coroUa. 
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this is the most common kind. 2. Irregularity of deviation, when the 
segments, though equal, turn all to the same side, as in ligulate florets. 
3. Irregularity by simple metamorphosis of stamina, as in Canna. 
The irregular corollas of Acanthace®, Bignoniace®, Cesnerace®, 
Lobeliace®, and Sorophulariace®, are formed at first in a regular 
manner by equal projections from a sort of cup or ring. Even in 
Calceolaria, there is at first a scooped-out cup, with four regular and 
very minute teeth, which are ultimately developed as the corolla; the 
nascent calyx having also four divisions. 

Inner Fiord Whorls, or the Essential Organs of Eeproduclton. 

388. These organs are the stamens and the pistil, the latter contain¬ 
ing the seeds or germs of young plants, and corresponding to the 
female, while the former produces a powder necessary for fecundation, 
and is looked upon as performing the part of the male. The presence 
of both is required in order that perfect seed may be produced, A 
flower may have a calyx and corolla, and yet be imperfect if the 
essential organs are not present. The name of hermaphrodite is given 
to flowers in which both these organs are found; that of unisexual 
(one sex), or diclinous (Bij, twice, and a bed), to those in which 
01 ^ one of these organs appears,—those bearing stamens only, being 
stamini/erous (stamen, a stamen, and fero, I bear), or male; those 
having the pistil only, pistilliferous (pistillum, a pistil, and f&-o, I bear), 
or female. 

389. The absence of one of the organs is due to abortion or non¬ 

development. When in the same plant there are unisexual flowers, 
both male and female, the plant is said to be monoecious (fiovos, one, 
and iiKitit, habitation), as in the Hazel and Castor oil plant; when the 
male and female flowers of a species are found on separate plants, the 
term dioecious (Bif, twice) is applied, as in Mercurialis and Hemp; and 
when a species has male, female, and hermaphrodite flowers on the 
same or difierent plants, it is polygamous (voKvi, many, and yuftos, 
marriage). The term agamous (*, privative, and marriage) has 

sometimes been applied to Cryptogamic plants, from the supposed 
absence of any bodies truly representing the stamens and pistil. 

390. stameiM.—The stamens (stamina) arise from the thalamus or 
torus within the petals, with which they alternate, forming one or more 
verticils or whorls, which collectively constitute the androecium (d«ii(, 
a male, and oixiov, habitation), or the male organs of the plant, as dis¬ 
tinguished from the gynoedum (yurv, a female, and habitation), 
or female organs of the plant. Their normal position is below the inner 
whorl or the pistil, and when they are so placed (fig 306 «), they 
are hypogynous; (uxo, under, female or pistil). Sometimes they 
become united to the petals or epipetalom (M, upon, and xtraXey, a 
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leaf), and the insertion of both is looked upon as similar, so that they 
are still hypogynous, provided they are independent of the calyx and 
the pistil. In fig. 307, the stamens, e, and the petals, p, are both 
below the pistil or ovary, o, and separate both from it and the calyx, c, 
and are therefore hypogynous. When the stamens are inserted on the 
calyx, that is, become united to it to a greater or less height above the 
base of the pistil, then they become lateral as it were in regard to if, 
and are perigynous, (^£(i, around). This is shown in the flower of 



almond (fig. 308), in which the petals, p, and the stamens, e, are united 
to the calyx c, while the pistil is free. When the union of the parts 
of the flower is such that the stamens are in¬ 
serted upon the ovary, they are epigynous 
(ivi, upon or above). In this case, the whorls 
are usually' so incorporated, that the stamens 
appear also to come from the calyx. In the 
Orchis tribe, where the stamens adhere com¬ 
pletely to the pistil, and when united extend 
above the ovary, they are said to be gynandrous. 
In Aralia spinosa (fig. 300), all the whorls. 

Fig. 306.—Central part of the flower of Ljiioienflron tulipifera, the tiillp-trcc, composed of 
carpels, c c, which together form the pistil Tliey cover the upper part ot the axis, a, and below 
them aic Inserted munerous stamens, some of winch are seen, c t. These stemens are hypogy- 
nouB and extrorse. 

Fig. 307 —Section of a flower of Geranium i obertlunum. c c. Calyx p., Petals. «, Stamens. 
Instil composed of ovary, o, and style and stigmata, s. t. Torus or thalamus. The pet^ and 
stamens are hypogynous, and the latter are monadelphoiis. 

Fig. .308.—Section of the flower of the Almond-tree The letters indicate the same parts os in 
.the last figure. The petals and stamens are peugynous The pistil is free 

Fig. 309.—Section of the flower of Aralia spinosa. LiCtters as in last figure. The petals and 
Btameus are eplgynous. attached to a laige disk, d, which covers the summit of the ovary. The 
or^j^ adherent to the calyx, and has been laid open to show its locolamenta and pendulous 
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calyx, c, petals, p, and stamens, e, are united to the pistil, and the two 
latter whorls appear to rise iwm the point where the calyx joins the 
upper part of the pistil. These arrangements of parts have given rise 
to certain divisions in classification, to be afterwards particularly 
noticed. Decaudolle, for instance, applies the term thalamiflorce, to 
plants having the parts of the corolla and nndroecium independent of 
each other, and all the whorls inserted immediately into the torus or 
thalamus; cahjciflorm, to those where the petals are separate, and the 
stamens are inserted directly on the calyx j corolUJlorce, to those in 
which the united petals bear the stamens. 

391. The stamens vary in number, from one to many hundred. 
Like the other parts of the flower, they are modified leaves resembling 
them in their structure, development, and arrangement. They consist 
of cellular and vascular tissue. They appear at first in the form of 
cellular projections, and are arranged in a more or less spiral form. 
In their general aspect they have a greater resemblance to petals than 
to the Leaves, and there is often seen a gradual transition from petals 
to stamens. Thus, in Kymfilima alba, or the White Water-lily (fig. 
310, 2), c represents a sepal, which gradually passes into the petals,y>. 




and these in their turn become modified so as to form the stamens, e, 
which are more or less perfect as we proceed from without inwards, 
or from 1 to 5. When flowers become double by cultivation, the 
stamens are oonverted into petals, as in the Pseony, Camellia, Hose,, 
Anemone, and Tulip; and m these instances, the changes from 
one to the other may be traced in the same way as in the Water- 
lily. 


Fip, SIO, I —Flower of Nymphrea allio, or Wljite Watcr»-lily. c cc c, Tlie four follola of tile 
calvx 01 supala. p v PT^ Petulft Stunicns. I’lbtiL , - .. 

Fiff 310. ‘i.—Parts of the flowei scjmiattMl to ^ow the ti%Ti8iUon fioni the preen sepals or tne 
calyx, c, anrt tho white petals of the coioUa. p, to the stamens, e. The 
from their iierfect state, 5, tbiough mtermeUiato foiins, 4,3, 2, and i, which giadualJy icscmuie 
the petals. 
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392. When there is only one whorl, the stamens are usually equal in 
number to the sepals or petals, and are ar*nged opposite to the former, 
and alternate with the latter. The flower is then isostemonom {Uo(, 
equal, and artiftap, a stamen). When the stamens are not equd in 
number to the sepals or petals, the flower is anisostemonous (iptao;, 
unequal). When there is more than one whorl of stamens, then the 
parts of each successive whorl are alternate with those preceding it. 
The staminal row is more liable to multiplication of parts than the 
outer whorls. If the stamens are double the sepals or petals as regards 
number, the flower is diploatemonous (S;5rAoof, double); if more than 
double, polystemonous (woTh/j, many). In general, when the stamens 
are normally developed, and are more numerous than the sepals and 
petals, they will be found arranged in several whorls, and their parts 
multiples of the floral envelopes. Thus, if a flower has five sepals, five 
petals, and twenty stamens, the latter are arranged in four alternate 
rows, having five in each. Although this is the usual law, yet various 
changes take place by abortion, arrestment of development, and other 
circumstances leading to abnormal growth. In this way the stamens 
may neither be equal to, nor a multiple of, the floral envelopes, and 
they may even be less numerous, so that the flower is miostemomus 
{fiiiap, less). In Cruciferous plants, while the petals and sepals are 
equal in number, (four,) and alternate in arrangement, the stamens 
are six in number, four long and two short; this imparity of numbers 
has been supposed to result from the splitting of the long stamens by 
lateral chorisis or separation, a presumption favoured by the fact, that 
partial union frequently exists between the two long stamens placed 
next each other, that teeth are found only on the outer side of these 
long stamens, and that in many cruciferte but four stamens exist. In 
the case of Gloxinia, where the parts of the flower are arranged-in 
fives, there are only four perfect stamens, but the fifth one is seen in 
the form of a small conical projection from the base of the corolla. 

393. In certain cases, as in Primula, the row of stamens is opposite 
to the petals forming the gamopetalous corolla. This opposition is by 
many looked upon as caused by the non-appearance of an outer row 
of stamens; by others it is considered as produced by chorixation or 
separation of laminae from the petals, which become altered so as to 
form stamens, a view which is thought to be confirmed by their de¬ 
velopment taking place before the petals; by a third party, each petal 
is looked upon when fully developed as formed by the halves of two 
contiguous petals, and thus the stamens are considered as being really 
alternate with the original petals. 

394. When the stamens are under twenty, they are called definite, 
and the flower is oliff(zndi*ous (6A/yof, few, and octfajg, male or stamen); 
when abij^'twenty, they are indefinite or polyandrms (woXvf, many), 
and are p^ked oo. The number of stamens is indicated by the Gr4k 
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numerals prefixed to the term androus: a flower with one stamen 
being monandrmts one) ; with two, dtandrous {Its, twice) ; with 
three, trimdroug (r^tif, three); with four, Utrandrcm (riTjoif, four); 
with five, pentandrous {»«*«, five); with six, hexandrous (sg, six); with 
seven, heptandrova {ivri, seven); with eight, octandrous (cktu, eight); 
with nine, mneandroua {htti, nine); with ten, decandrous {liKa, texi)-, 
with twelve, dodecandrous (lahKx, twelve). These terms will be re¬ 
ferred to when treating of the Linn»an system of classification. 

895. A stamen consists of two parts—a contracted portion, usually 
thread-like, equivalent to the petiole of the leafj and termed the Jda- 
tuent {filum, a thread); and a broader portion, representing the folded 
blade of the leaf, termed the anther (di/6n(os, belonging to a flower), 
which contains a powdery matter, called pollen.. Ihe filament is no 
more essential to the stamen than the petiole is to the leaf, or the claw 
to the petal. If the anther is absent, the stamen is abortive, and can¬ 
not perform its functions. The anther is developed before the filament, 
and when the latter is not 'produced the anther is sessile {sessilis, sit¬ 
ting), or has no stalk, as in the Mistleto. 

396. The Filament, when Structurally considered, is found to consist 
of a thin epidermis, on which occasionally stomata and hairs occur, 
and of a layer of cellular tissue enclosing a bundle of spiral vessels, 
which traverses its whole length, and terminates at the union between 
the filament and the anther. The filaments of Callitriche verna are 


said to have no vessels. The filament is usually, as its name imports, 
filiform or thread-like, cylindrical, or slightly tapering towards its 
summit. It is often, however, thickened, compressed, and flattened 
in various ways. It sometimes assumes the appearance of a petal, or 
becomes petaloid (ireraTio*, a leaf or petal, and eiSof, form), as in Canna, 
Maranta, Nymphsea alba (fig. 310, 2); occasionally it is subulate 
(subula, an awl), or slightly broadened at the base, and drawn out 
into a point like an awl, as in Butomus umbellatus; and 


at other times it is clavaie (clava, a club), or narrow be- Ik 

low and broad above, like the club of Hercules, as in T a 

Thalictrum. In place of tapering, it happens, in some ig 

instances, as in Taniarix gallica (fig. 311), Peganum I i | 
Harmala, and Campanula, that the base of the filament v\ | 

is dilated much, and ends suddenly in a narrow thread- l\ | 

like portion. In these cases, the base may represent the // 

sheath or vagina of the petiole, and, like it, may give /m Jj( fv 
off stipulary processes in a lateral direction. Sometimes '*8u 
the filament is forked, or divided at the apex into 
branches or teeth. In Allium there are three teeth, the central one 
of which bears the anther. 


Fifr 811.—Three out of the ten Jtameni of Tamurlx gallic#, united together by the dilated 
bu«i of their fllameziti. 
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397. The filament varies much in length and in firmness. The 
length bears a relation to tliat of the pistil, and to the position of the 
flower, whether erect or drooping; the object being to bring the an¬ 
ther into more or less immediate contact with the upper part of the 
pistil, so as to allow the pollen to be scattered on it. The filament is 
usually of sufficient solidity to support the anther in an erect position; 
but sometimes, as in Grasses, Littorella, and Plautago, it is very deli¬ 
cate and capillary (capiUm, a hair), or hair-like, so that the anther is 
pendulous. The filament is usually continuous from one end to the 
other, but in some cases it is bent or jointed, becoming geniculate 
(genu, a knee); at other times, as in the Pellitory, it is spiral. It is 
frequently colo’tirless; but, in many instances, it e.xhibits different 
colours. In Fuchsia and Poinciana, it is red; in Ad.amia and 


Tradescantia virginica, blue; in CEnothera and Ranunculus acris, 
yellow. 

398. Hairs, scales, teeth, or processes of different kinds are some¬ 
times developed on the filament. In Tradesc.antia virginica, or Spider- 
wort, the hairs are beautifully coloured, and moniliform (monile, a 
necklace) or necklace-like. These h.airs exhibit movements of rotation 
(IF 278). Such a filament is bearded or stupose {stupa, tow). At the 
base of the filament, certain glandular or scaly appendages are occa¬ 
sionally produced, either on its internal or external surfiice. These 
may be either parts of a whorl, to be afterwards noticed under the 
name of the Disk, or sep.arate prolongations from the filament itselti 
In fig. 313, a represents such a staminiferous appendage found on 


j the inner side of the base of the filament, 

M which is hence called appeialicula/e, or sorae- 

m times strumose (struma, a swelling). The pro- 

cesses noticed in the lioraginaceie as modified 
MB tS. h petals (fig. 312 a), may be considered external 
i it'? appendages of the filaments, the stamen being 
/ regarded as the lamina of a petal. 

II'hlaments are usually articulated to 
jl^B 'y\W-a the torus, and the sbainen falls off after fertil- 

ization ; but in Campartula and other plants, 
/I II continuous with the torus, and the 

vKkW /j/jIS stamen remains p 0 r.slstent, although in a 

"’ithered state. Certain changes are pro- 
duced in the whorl of stamens by adhesion 
of the filaments to a greater or less extent, 
while the anthers remain free, thus, all the filaments of the An- 


droecium may unite, forming a lube round the pistil (tig. 307 c), or 


Fli;. 312.—Stamen of Borajfo officinalis. ^ App^ndit ulatc fllamcnt. a, Aiiptindage prolmged 
In the form of a horn-hke process. 1. Lobes of ihe aotbur 
Fiff 313—Stamen of Zj gophyllum Fab.i£y l ilamcnt, connected with a broad scaly ap- 
pendt^ a. 
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a central bundle when the pistil is abortive (fig. 314, 1), the stamens 
becoming monadelphous one, and brother), as occurs 

in Geranium (fig. 307), Malva, Hibiscus, and Jatropha Curcas (fig. 
314, 1); or they may unite so as to Ibrm two bundles, the stamens 
being diadelpiwus, (oif, twice), as in Polygala, Fumaria, and Pea; in 
this case the bundles may be equal or unequal. It frequently happens, 
especially in Papilionaceous flowers, that out of ten stamens, nine are 
united by their fil.aments, while one (the posterior one) is free. When 
filaments form three or more bundles, the stamens are triadelphous 
(xfuf, three), as in Hypericum mgyptiacum (fig. 315), or polyadelphous 



(rahiii, many), as in Luhea paniculata (fig. 310, 1), or in Ricinus 
communis (fig. 317, 1). The union of the filaments takes place some¬ 
times at the base only, as in Tamarix gallica (fig. 311); at other times 
it extends throughout their whole length, so that the bundles assume 
a columnar form. In certain cases, the cohesion extends to near the 
ape.x, forming what Mirbel calls an nndrophore (anjf, male or stamen, 
and (Pojea, I bear,), or a column which divides into terminal branches, 
each bearing an anther (fig 315,/e). Occasiotially some filaments are. 
united higher up than others, and thus a kind of compound branching 


FI" ovstaininifcrous flower (1), anfl female or pistilllfcrous flower (2), of Jatroplra 

CurcRs r, Cal> x Corolla, e, Stamciiv umiecl by flimnents occupying the centre In flower 1, 
in consequence of the snppicbsion of the pistil, p. Visiil in flower 2, conipoacd of ovury, o, with 
liirce bilid styles iit its summit rr, Snmll glandular aiipcndapes alteinatin^f with the divisions 
tt1 the corolla Above eucli of the flowcis is a dlafiram leprescntins the older in winch tlic dii- 
I'oeiit pulls of 'he flow- *• arc I In tllapijun 1 uie represented live parts ot the calyx, 

live of the etnoll.i, two low^ ... w • iiv^ m euoh In diagram 2, the sturarnai rows aie aboi- 
trve, iind there [lie three carpels, tormlnir the pistil, n the centre. 

FIk. illo -Triadelphous st-nnens of Hypericum ivyj ptiiioinn sunoundinff the prstn, o. f 
Ihirfed fllaments lorinlnp columns, e e, Aiitiiois. fiee. Tiirj outci envelope ot the nower has 
been icinoveil, Die cbseutial i)r>,an8 alone beiiiij Jolt, 
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is produced (fig. 317, 2). In Pancratium, the filaments are united by 
a membrane, which may he considered as corresponding to the crown 
of Narcissus. 



316, I 316, 3 Sn, 2 317, 1 


400. Filaments sometimes are united with the pistil, forming a 
columna or column, as in Stylidium, Asclepiadacese, Kafflesia, and Or- 
chidacese. The column is called gynostemium pistil, and ttrigiut, 
stamen), and the flowers are denominated gynandrous {yvm pistil, and 
diin^, male or stamen.) 

401. In the case of certain Achlamydeous 351) flowers, as 
Euphorbia, with only one stamen developed, there is the appearance 
of a jointed filament bearing one anther. This, however, is not a true 
filament, but a peduncle with a single stamen attached to it, as proved 
by the fact, that in some species of Euphorbia one or more verticils are 
produced at the joint. Thus the so-called anther is in reality a single 
flower supported on a stalk, all the parts being abortive, except a 
solitary stamen. 

402. The Anther corresponds to the blade of the leaf, and consists 
of lobes or cavities containing minute powdery matter, called pollen, 
which, when mature, is discharged by a fissure or opening of some 
sort. The anther-lobes may be considered as formed by the two halves 
of the lamina, their back corresponding to the under surface, and their 
face to the upper surface, united by the midrib, the pollen being 
cellular tissue, and the fissure of the anther taking place at the margin, 
which, however, is often turned towards the face. In this view, the 
two cavities which are found to exist in each lobe, may correspond 
with the upper and under layer of cells, separated by a septum 
equivalent to the fibro-vascular layer of the leaf. Others view the 


Fig. S16.—1 Flower of Luhea paniculata. c c c c, Sepnents of calyx. i)p, PeWe. ee, Sta- 
loens groQped In bandies, which alternate with the petals. Stigma, composed of fire parts, 
indicaBng the union of five carpels. 2. One of the stanilaal bundles magnldod, ahowing all the 
filaments united into a single mass at the base, but separating superiorly, /a, The larger in. 
temai filaments, each ending in an anther. /«, The shorter outer ones, sterile and aboitive. 

Hg. 817—1. Male flower of Blclnut communis, or Castor oil plalit, consisting of a calyx, c, 
compoeed of five refexed sepals, and of stamens, c, united by their filaments so at to form many 
bunnies, thus being polyadelphoua 2. One of the stamisal bundles,/, branching above, so aa to 
leave the anthers &ee and sei»raU. 
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anther as formed by each half of the lamina being folded upon, itself, 
so that the outer surface of both face and back corr^onds to the 
lower side of the leaf, and the septum dividing each cavity into two is 
formed by the upper surfaces of the folded half united. 

403. There is a double covering of the anther—the outer, or exo- 
thecium outwards,and emiof, a covering), resembles the epider¬ 
mis, and often presents stomata and projections of dififerent kinds (fig. 
318 c «); the inner, or endothecium {Mon, 
within), is formed by a layer or layers of 
fibro-cellular tissue (fig. 318 c /), the cells 
of which have a spiral (fig. 23), annular (fig. 

24), or reticulated (fig. 25) fibre in their in¬ 
terior. This internal lining varies in thick¬ 
ness, generally becoming thinner towards the 
part where the anther opens, and there disappears entirely. The 
membrane of the cells is frequently absorbed, so that when the anther 
attains maturity the fibres are alone left, and these by their elasticity 
assist in discharging the pollen. 

404. The anther is developed before the filament, and is always 
sessile in the first instance. In many examples it continues perma¬ 
nently so. It appears in the form of a small cellular projection, con¬ 
taining a mass of mucilaginous cells (fig. 319). In the progress of 
growth, certain grooves and markings appear on its surface, and its 
interior becomes hollowed out into two marked cavities, containing 
a mucilaginous matter (figs. 320, 321). In these cavities cells make 
their appearance—the outer small (figs. 320, 321, c p), forming 
ultimately the endothecium (fig. 318 c/); the inferior layer forming 
cells in which the pollen is produced (figs. 320, 321, « p). As the 


jj» ssw 

cavities become larger, the layer of cells (figs. 320, 321, c i), betweon 

Fig. 818.—Transverse section of a portion of the covering of the anther of Cobaa scandens at 
the period of dehiscence, c e, Exothecium, or external layer, consisting of epidermal cella. c / 
Endotliedam, or inner layer, composed of spiral cells or inenchyma. 

Fig. 819.—Transverse section of an anther of Cucurbita Pepo, or Gonrd, taken from a bnd abont 
two millimetres, or l-12th ofan English inch, In length. 

Fig. 320 —Similar horizonlal section from a bad m a more advanced state, e «, Onter layer 
of cellules (ExoiA^cium) forming the epidormia. c i Intermediate layer of cellules In eevezal 
layers, most of which are ultimately absorbed, c p, Internal layer of cells wp, 

Anther*«ivltie8 filled with large cells, which conmtnte toe tirat state of toe poUen^utnclea, 
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the endotheoinm, c p, and exothecium, c e, is gradually absorbed more 
or less completely, forming at first septa in the cavities; and ultimately 
the anther assumes its mature form, consisting of two lobes with their 
membranous coverings (fig. 322, 1). 



405. In the young state there are usually four cavities produced, 
two for each anther-lobe, separated by the connective, and each divided 
by the septum, which sometimes remains permanently complete, and 
thus forms a quadrilocular (quatuor, four, and loculus, a pouch or box), 

or totrathecal (reT^af, four, and ftinn, 
a sac) anther. The four cavities 
are sometimes placed in apposition, 
f ) as in Poranthera (fig. 323) and 
Tetratheca juncea (fig. 324), and at 
other times two are placed above 
and two below, as in Persea gratis- 
sima (fig. 325 I 1). In general, 
however, onl)' two cavities remain 
in the anther, in consequence of the 
more or less complete removal of 
the septum, in which case the anther 
is said to be bilocular (bh, twice), 
or dithccal (It;, twice), as seen in 
figs. 322, 326. Sometimes the 
anther has a single cavity, and be¬ 
comes unilocular (unus, one), or 



Vigr. 8SI.— Similar Bectlon In a atlll more advanced state. ’Itie letters have the same meaning 
as 111 thelast figure. 

FJp 322 .—Anther of the Almotuhtife Seen in front. ", Seen hcliind. //, Filament at¬ 
tached to the connective, c, by a iK>uit IK Antliei-lohcK containniff iiolion 

Flif 323 .—Quadrilociiior anthoi, I, ot Porautlieia, attached to tiie filament, f, and oiieniiig at 
the summit by four pores, p 

Fiff. 324.—Quadrilocular anther of Tetrathecii juncea. 1 TJie anther entiie, with its four 
loailomeuta ending in one opeulng. 2. Anthei cut trauhsciscly, allowing tlie four loculameiita. 

Fig. 325.—Anther of Persea ffratis<5mia, comiiosed ot tour cavities or loonlamenta, 11, united 
In pairs, one above the other, and opeulng each by a valve, v. At the base of the filament, /, are 
two y, which scem to be abortive stamcna 
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monothecal (ftoron one), either by the disappearance of the partition 
between the two lobes, or by the abortion of one of its lobes, as in 
Styphelia leeta (fig. 327), and 
Althaea officinalis (tig. 328). Oc¬ 
casionally, there are numerous 
cavities in the anther, as in Vis- 
cum and Raiflesia. The number 
of loculi or cavities is only seen 
when the anther opens. 

40G. The form of the anther- 
lobes varies, 'fhey are generally 
of a more or less oval or elliiitical 
form (figs. 322, 321) 1). Some¬ 
times they are globular, as in 
Mercurialis annua (fig. 326); at 
other times linear or clavate (fig. 

330), curved (fig. 331), Ih'xuose, ' 
sinuose, or anfmctuose {an/ractus, 

winding), as in Bryony and Gourd (fig. 332). The lobes of the 
anther arc sometimes in contact throughout their whole length 
(fig. 329), at other times they are separate (figs. 326, 333). In 
the former case their e.xtremities may be rounded, forming a cordate 
anther (fig. 322), or the ape.x may be acute (figs. 312, 313); in the 
latter case the lobes may divide at the base only, and end in a 
sagittate or arrow-likc manner (fig. 334 1 ); or at the apex, so as to 
be bifurcate or forked (fig. 335 ji); or quadrifurcate, doubly forked 
(fig. 336 /); or at both base and apex, so as to be forked at each 
extremity, as in Grasses (fig. 337). The cavities of the anther are 
occasionally elongated so as to end in points (fig. 336 1). Sometimes 
the lower part of the anthcrine cavities is obliterated, and they de¬ 
generate into flattened appendages (fig. 338 o). It happens at times 
that the surface of the anther presents excrescences in the form of 
warts, awl-shaped pointed bodies (fig. 335 a), or crests (fig. 339 a). 

407. That part of the anther to which the filament is attached, and 
which is generally towards the petals, is the bach, the opposite being 
the face. The division between the lobes is marked on the face of the 
anther by a groove or furrow, and there is usually on the face, a suture, 
indicating the lino where the membranous coverings open to discharge 
the pollen. The suture is often towards one side in consequence of 
the valves being unequal. 

408. The anther-lobes are united either by a direct prolongation ot 



Fig. 326.—Pendulous anther lobes, / of Mercurialis annuo, supported on the lUament,/ and 
united by the connective, c. 

Fig 327 —Unilocular or monothecal anther of Styphelia Ijcta, one of the Epacridaco®, seen in 
front, \ and behind, /, Filament, Anther. . ... 

Fig 328.--Uniiocular anther Alth«a oflictualis, or Marsh mallow. One of the lobes of the 
anther, I, abortive. /, Filament. 
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the filament, or more generally by a body called the connective, con¬ 
sisting of a mass of cellular tissue diiferent from that contained in the 
filament In this tissue the spiral vessels of the latter terminate. 
From the connective a partition or septum extends across each antherine 


SM 830 331 .333 333 S34 



loculus, dividing it either partially or completely. The septum some¬ 
times reaches the suture. When the filament is continuous with the 
connective, and is prolonged so that the anther-lobes appear to be 
tinited to it throughout their whole length, and lie in apposition and 


fig. S29.~Adsate or adherent anther of Begonia znanicata, opening by longitudinal dehiscence 
]; Anther-lobea. /, Filament. 

Fig. 330.—Forked or bifurcate anther, I, of Acalypba alopecuroidea, in the expanded flower. 

Fig. 881.—Same anther in the bud, exhibiting a curved form. 

Fig. 832.—Sinuous anther, I, of Bryonia dioica. /, FUament 

Fig. 883.—Anther of Salvia officinalis. If, Fertile lobe full of pollen. 1 1 , Barren lobe without 
pollen, c, DistractUe connective. 

Fig. 881—Anther of Nerinm Oleander, with its lobes, 11, sagittate at the base, and ending at 
the a^x in a long feathciy prolongatioa 

fig. 335.—Anther, I, of VacclnJuin ullginosum. Z, Lobes ending In two pointed extremities, 
which open ^ pores o, Appendages to the lobes. 

Fig. 886.—Ouadriffircate anther of Gualtherla procumbens. f. Lobes ending In four points. 

Fig. 887.—versatile anther of Poa <»mpresBa. /, FUament I, Lobes separating at each end. 

Fig. 388,—Anther, I, of Erica cinerea. / FUament r, Lobes Kdit partially downwards, a. 
Scale-like prolong^ons at the base. 

Fig. 839.—Anther of Pterandra pyroidea. 1. Entire anther, seen laterally. 3. Lower half 
after having been cut tranavervciy. a a a, Antherine appendal^. /1, Anther-lobes, c c, Con- 
nectlTe. 
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on either side of it, the anther b said to be adnate or adherent (fig. 
829); vfhen the filament ends at the base of the anther, then the 
latter is innate or erect. ■ In these cases the anther b to a greater or 
less degree fixed. When, however, the attachment b very narrow, 
and an articulation exists, the anthers are then moveable, and easily 
turned by the wind. Thb is well seen* in what are called versatile 
(verto, I turn) anthers, as in Tritonia, Grasses, &c. (figs. 260, 837), 
where the filament is attached only to the middle of the connective; 
and it may occur also in cases where it b attached to the apex, as 
in pendulous anthers (fig. 340). 

409. The connective may unite the anther-lobes completely, or only 
partially. It b sometimes very short, and is reduced to a mere poin^ 
(fig. 326), so that the lobes are separate or free. At other times it 
b prolonged upwards beyond the lobes in the form of a point, as in 
Acalypha (fig. 331 c); or of a feathery awn, as in Nerium Oleander 
(fig. 334); or of a conical or tongue-like process (figs 341, 342 c); or 
of a membranous expansion (fig. 343 c); or it b extended backwards 



and downwards, in the form of a spur, as in fig. 343 a ; or downwards, 
as m the c^e of the flaky appendage in Tioorea febrifuga. In Salvia 
officinalis (fig. 333), the connective is attached to the filament in a 
honzontel manner, so as to separate the two anther-lobes, and then 
It is called distractile (dis, separate, and traho, I draw). In Stachys, 
the connective is expanded laterally, so as to unite the bases of the 
anthenne lobes, and bring tljem into a horbontal line. 

410. The opening of the anthers to discharge their contents b 
denommated de/ascence (dehisco, I open). Thb takes place either by 

cHlated or frineed 

apMndage, which seems to he a prolongation of the connective. 

/, Filament, i, AnSer-lohes. Ihe empty 


appendage prolonged from the connecUve. 

t ^ther of Viola odorata, or sweet violet L Seen in front 1 Seen behind. 

^ ®Phr-li^ appendage from the connective, c, Membranous expansion at the 
apex of anther«looea 
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clefts, by hinges, or by pores. Wlien the anther-lobes are erect, the 
cleft takes place lengthwise along the line of the suture, constituting 
longitudinal dehiscence (figs. 322, 329, 342). At other times, the slit 
takes place in a horizontal manner, from the connective to the side, as 
in Alchemilla arvensis, and in Lemna, where the dehiscence is trans¬ 
verse. When tlie anther-lobes are rendered horizontal by the enlarge¬ 
ment of the connective (figs. 328, 344 a q), then what is really longi¬ 
tudinal dehiscence may appear to be transverse. 
In other cases (fig. 344 a g), when the lobes are 
united at the base, the fissure in each of them 
may be continuous, and the two lobes may appear 
as one. 

411. The cleft does not always proceed the 
whole length of the anther-lobe at once, but 
often for a time it extends only partially (figs. 
343, 2, 338). In other instances the opening is 
confined to the base or apex, each loculament 
(loculus) opening by a single pore, as in Pyrola 
(fig. 340), Yaccinium (fig. 335), and Solanum, 
where there are two, and Poraiithera (fig. 323), 
where there are four. In Totratheca junoea, the four cavities (fig. 
324, 2) open into a single pore at the apex (fig. 334, I), and in the 
Mistleto, the anther has numerous pores for the discharge of the 
pollen. Another mode of dehiscence is called hinged. In the Barberry, 
each lobe opens by a valve on the outer side of the suture, separately 
rolling up from base to apex; while in some of the Laurel tribe (fig. 
325 V), there are two such separating valves for each lobe, or four 
in all. This may be called a combination of transverse and hinged 
dehiscence. In some Guttiforai, as Hebradendron cambogioides (the 
Gamboge plant), the anther opens by a lid separating from the apex, 
or by what is called circumscissUe (circum., around, and scindo, I cut) 
dehiscence. In the last-mentioned dehiscence, the anther may be 
considered as formed of jointed leaves like those of the Orange, the 
blades of which separate at the joint, 

412. The anthers open at various periods of flowering; sometimes 
in the bud, but more commonly when the pistil is fully developed, and 
the flow’er is expanded. They either open simultaneously or in suc¬ 
cession. In the latter case, individual stamens may move towards the 
pistil and discharge their contents, as in Parnassia palustris, or the 
out* or the inner stamens may open first, following thus a centri¬ 
petal or centrifugal order. The anthers are called irUrorse (introrsum, 
inwardly), or anticce (anticus, the fore part), when they open on the 

Fi(r. 344 —'Corolla of Digitalis parpurea, cut in ordor to show the didrnarnous stamens (two 
long and two shoit) which are attached to it. t. Tube. /, Filaments which are united to the ' 
corolla at t, and mn along its inner surface, having lormed a marked odhesionjil gt AnlSiers 
of the long stamens, a q, Anthers of the sbuit stamens. 




ESSESTIAL 0EGAN8.—STAMENS. 


209 


surface next to the centre of the flower (fig. 34.'i); they are exirnrse 
extrorsum, outwardly), or posticw (posticus, behind), when they open 
on the outer surface; when they open on the sides, 
as in Iris, and some grasses, they are called laterally 
dehiscent (fig. 337). Sometimes anthers originally 
introrse, from their versatile nature, become extrorse, 
as in the Passion-flower and Oxalis. The attachment 
of the filament either on the outer or inner side, and 
the position of the anther in the young state, assist in 
determining the direction of the dehiscence when the 
anthers open by pores, or are versatile. 

413. The usual colour of anthers is yellow, but they 
present a great vaiicty in this respect. They are red 
in the Peach, dark purple in the Poppy and Tulip, orange in Esch- 
scholtzia, dec. The colour and appearance of the anthers often change 
after they have discharged their functions. 

414. Sometimes a flower consists of a single stamen, as already 
stated in reg.ard to Euphorbia (^1 401). It is said also, that in the 
ConiferiB, as in the Pir, and in the Cycadacem, the stamens are to be 
regarded as single male flowers, supported on scales; being either a 
single stamen with bilocular anthers, as in Pinus, or tmilocular, as in 
Abies, or several stamens united in an androphore, as in Taxus. 

41,’). Stamens occasionally become sterile by the degeneration or 
non-development of the anthers, which, in consequence of containing' 
pollen, are essential for fertilization; such stamens 
receive the name of staminodia, or rudimentary stamens. 

In Bci'ophularia (fig. 31C), the fifth stamen, s, .appears 
in the fbrin of a scale; and in many Pentstemons it is 
reduced to a filament with hairs, or a shrivelled mem¬ 
brane at the ape.x. In other cases, as in double flowers, 
the stamens arc converted into petals. In Persea 
gratis.sima (fig. 325), two glands, <•/, are produced at the 
base of the filament in the form of stamens, the anthers 
of winch are abortive. Sometimes only one of the 
anther-lobes becomes abortive. In many unilocular 
anthers, the non-development of one lobe is indicated 
by the lateral productioq,of a cellular mass resembling the connective. 
Ju Sidvias, where the connective is distractile, one of the lobes only is 
perfect or fertile (fig. 333 If), containing pollen, the other (fig. 333 
f s) IS imperfectly developiftl and sterile. In Canna, in place of one 
of tue lobeSj a petaloid appendage is produced. 




Ifti.idjTijiinous stanieiia (two lonp and two .short) of Chetranthu!? Cliohi. p. Top 
Cicatiicea Uift by tJiesfiMla of calyx winch h.nc been leinovcd eo. Two 
aitilled ^ short stamens. (, Torus or tlmlainus to whicJi the .sramens are 

a corolla of Scrophulana with a stamznodjiiin. s, or .iboriii'c stamen iii th« 
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416. It has been already stated, that the term nectary has been 
sometimes applied to modified stamens presenting abnormal appear¬ 
ances. Thus, in Pamassia palustris, the so-called nectaries are clusters 


M of abnormal stamens (fig. 304 n), united by a mem¬ 
brane at the base, and ending in glandular bodies 
® like anthers. Staminodia were also called nectaries 
„ (fig. 346 s). When treating of the disk, other modi- 
fications of stamens wiU be considered, 
f ' stamens, in place of being free and sepa- 

//' become united by their filaments (^ 399). 

if They may also unite by their anthers, and become 

1 '( '( ! V i s’/ngenesiuus or synantherous {aim, together, and ymtaif, 
V 1 l) origin, or anther). 'Jhis union occurs in 

Composite flowers, and in Lobelia, Jasione, Viola, &c. 
418. Stamens vary in length as regards the corolla. Some are 
enclosed within the tube of the flower, as in Cinchona, and are called 
included (figs. 287. 288, 344) ; others are exserted, or extend beyond 
the flower, as in Littorella, Plantago, and Exostemma. Sometimes 
the stamens in the early state of the flower project beyond the petals, 
and in the progress of growth become included, as in Geranium stria¬ 
tum (fig. 347). Stamens also vary in their relative lengths as respects 
each other. When there is more than one row or whorl of stamens 


f 

m 
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in a flower, those on the outside are sometimes longest, as in Rosace® 
(fig. 308) ; at other times those in the interior, as in Luhea (fig. 816, 
2/a). When the stamens are in two rows, those opposite the petals 
are usually shorter than those which alternate with the petals. 

419. It sometimes happens that a single stamen is longer than all 
the rest. In some cases there exists a definite relation, as regards 
number, between the long and the short stamens. Thus, some flowers 
are didynamous (hi;, twice, and lima/nis, power or superiority), having 
only four out of five stamens developed, and the two corresponding to 
the upper part of the flower longer than the two lateral ones. This 
occurs in Labiat® and Scrophulariace® (figs. 344, 346). Again, in 
other cases there are six stamens, whereof four long ones are arranged 
in pairs opposite to each other, and alternate with two isolated short 
ones (fig. 345), and give rise to telradynamoua {rsr^is, four, and 
limafiK, power or superiority) flowers, as in Qrucifer®. 

420. Stamens, as regards their direction, may be erect, turned in¬ 
wards, outwards, or to one side. In the last-mentioned case they are 
called decUnate (declino, I bend to one sidfe), as in Amaryllis, Horse- 
chestnut, and Fraxinella. 


421. The jpouen.—Ihe pollen or powdery matter contained in the 
anther, consists of small cells developed in the interior of other cells. 
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The cavities fonned in the anther (fig. 321), are surrounded by a 
fibro-cellular envelope, c jp, and within this are produced large cells, 
u p, containing a granular mass (fig 348, 1), which divides into four 
minute cells (fig. 348, 2), around which a membrane is developed, 
so that the original cell, or the parent poUen-^iif ich, becomes resolved 
by a merismatic division (^ 24) into four parts (fig. 348, 8), each of 
which forms a granule of pollen. The four cells continue to increase 
(fig. 348, 4), distending the parent cell, and ultimately causing its 
absorption and disappearance. They then assume the form of perfect 
pollen grains, and either remain united in fours or multiples of four, 
as in some Acacias, Periploca grseca (fig. 349), and Inga anomala (fig. 
354), or separate into individual grains (fig. 348, 5), which by degrees 
become mature pollen, (figs. .S48, 6, 3.5], 352). In Acacia ringens, 
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there are eight pollen-grains united; in Acacia decipiens, twelve; and 
in Acacia linearis, sixteen. Occasionally the membrane of the parent 
pollen-cell is not completely absorbed, and traces of it are detected in 
a viscous matter, surrounding the pollen-grains, as in Onagrariaceae. 
In Orchidaceous plants, the pollen-grains are united into masses or 

Fig. 348.—Development of the pollen of Vlflcum album, or tho Mlstleto. L Two pollen-cells 
or polUnary utricles filled with ^niUar matter. 2 . Four nuclei produced in this matter o 
tM-'paratlon into four masses, each corresponding to a nucleus or a new utricle. 4. Pollenic or 
polUuary utricle containing tln-ee separate vesicles in its anterior. 6, Two of the Intter, or tho 
young pollen-grains, removed from the mother-cell or ntrlde. 6. Hio grains of i>ollen in their 
perfect state. 

Fig. 849.—Pollen of Periploca grsBoa, showing four grains agglutinated together. 

Fig. 350.—PaUen of Inga anomala* The grains united in multiples of four. 

Fig. 361.—Pffllen-graln showing tho esttne covered with small punctuations. 

Fig. 852.—Pollen-grain with the extine covered with graualatioDA 
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polUnia, by means of viscid matter. In Asclepiadaceae (fig. 353), tlie 
pollinia, p seem to have a special cellular covering, derived from a 
layer of reproductive pollen-cells, or from the endothecium. Pollinia 
in different plants vary from two to eight. Thus, there are usually 
two in Orchis, four in Cattleya, and eight in Laelia. 
The two pollinia in Orchis Morio, according to 
Amici, contairi each about 200 secondary smal¬ 
ler masses. These small ina.sses, when bruised, 
divide into grains which are united in fours. In 
Orchids, each of the pollen-nirisses has a prolonga¬ 
tion or stalk, called a candide (caitda a tail), which 
often adheres to a prolongation at the base of the 
anther, called rostellum (I’osdlltnn, a beak), by 
means oi' a vi-.cid tenacious matter secreted by 
cells, and denoinitiated 1 ctinacnla, {retinaculwn, a 
band or rein). Lindley considers the caudicle as 
derived from the stigma, and not from the pollinary 
tissue. The term clbmndntm {y.dvt), a bed, and a'jr.n, a stamen), is 
sometimes applied to the pait of the column in Orchids, where the 
stamens are situated. 

422. When mature, the polhm-grain is a cellular body having an 
external covering, exline {c.vto, 1 stand out, or on the outside), and 
an internal, inline (inlus, within). Fritzsche states that he has detected, 
in some cases, other two coverings, which he calls nitec/tne and earw/iVtc. 
They occur between the cxtinc ;md intine, timl tire probably formed 
by foldings of these membranes. In some aquatics, as Zostera marina, 
Zannichellia pedunculata, Naias minor, &c., only one covering exists, 
and that is said to be the intine. The extine is a firm membrane, 
which defines the figure of the pollen-grain, and gives colour to it. It 
is either smooth or covered with numerous projections, granules, points, 




Fiff. 3.").*).—Flower of ‘'bou p / “i'': or pollon-mas'io*’, />, nttaolied to the Ptitfitia 

Fifi 3-54. —roUun-gidin ot I’as.sifloKt I ' ' • o o o, (ipi icula oi IkIs formed by Hit* cx- 

tliie, which open to allow the protiiislo • ... the form of pollen-iuhcM 

Fig. 355.- I’oi'on fr.ilii of C*i()r* ita Fepo, or GoukI, at the moment of its dehiscence or iiip- 
ture o o, (h'.f rt-nh. m I- N • .n .♦ *il fiom the extino bv the iirotmeion of the polfei-tabes, 11, 
Fig. 35(> •-roUen-graln of Ipomoca, with a reticuliited exime. 
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minute hairs, or crested reticulations ("fig. 356). The colour is generally 
yellow, and the surface is often covered with a viscid or oily matter. 
The intine is uniform in different kinds of pollen, thin and transparent, 
and possesses great power of extension. It is s,aid to bo the first 
envelope formed, the other being subsequently deposited while enclosed 
in the parent cell. 

423. Within these coverings % granular semitluid matter called 
fovilla, is contained, along with some oily particles, and occasionally 

starch. 'J'he fovilla contains small sphe- _ 

rical granules, sometime.s the 
an inch in diameter (tig. 3.57), and larger 
ellipsoidal or elongated corpuscles (tig. 

358), which are said to exhibit move¬ 
ments under the microscope similar to 
those seen in some Infusoria, and in 
some Algre, to be afterwards noticed. 

These molecular movements cease long 

before maturation, except in Zostera marina and some other jilants 

424. Pollen-grains vary from ,-1^^ to of an inch or less in dia¬ 
meter. Their forms are various, 'the most common form of grain is 
ellipsoidal (figs. 35.8, 359), more or less narrow at the extremities, 
which are called its poles, in coiitradistincti'in to aline at e, equidistant 
from either extremity, and which is its equator. In figs. 359, 3G0, 
1 and 2, the two surfaces of the pollen-grains of Allium fistulosurn 
and Convolvulus tricolor ai'e represented with their poles, p, their 
e.juator, e, and the lomaitmlinal folds in their membrane; while at 3, 
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are shown transverse sections at the equators, with a single fold in one 
case, and three folds in tlie other. Pollen-grains are also of a spherical, 
triangular, trigonal (fig. 362), or polyhedral figure (fig. 364). In the 
latter case, when there are markings on their surfiice, those at the 

Fiff. -Pollen-pi uin of AniyKtliilu^ nana, the intine or internal membrane of whicli is pro- 
tnidnig at three }>oios under tlie forin ut .is many arnpullie or e<ieH, t f t One of these is open at 
the extremity, ami fjoin It is dischaitced tlie fovilla /, eompos d ot variously-sized i,oamile«. 

Fig 858.—J.iUKC jiiunuU'S of fovilla of us palustiis. 

Fig. {559 —Pollen of Allium fistulosuin Pole f, E(|uator. 1 Pollen-irrain seen on the face. 
2. On the opposite side or back 3. Tmnsvei m; section through its cqiiatoi ial line 

Fig 3G0 —Pollen of Convolvulus tricolor. The letters and numbers liave tlie same signification 
as Id fig. 859. 
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poles, sometimes differ from those at the equator,«. In Tradescantia 
virgmica, the pollen is cylindrical, and becomes curved; it is polyhedral 
in Dipsacese and Compositae; nearly triangular in Proteacese and 
Onagrariacem. The surfece of the pollen-grain is either uniform and 




homogeneous, or it is marked by folds dipping in towards the centre, 
and formed by thinnings of the membrane. In Endogenous plants 
there is usually a single fold (fig. 359) ; in Exogens, often three (fig. 
360). Two, four, six, and even twelve folds are also met with. 

425. There are also pores or rounded portions of the membrane 
visible in the pollen-grain. These vary in number from one to fifty. 

In Endogens, as in Grasses, there is often only 
one (fig. 865); while in Exogens, they number 
from three upwards. When numerous, the 
pores are either scattered irregularly (fig. 366), 
or in a regular order, frequently forming a 
circle round the equatorial surface (fig. 361). 
Sometimes at the place where the pores exist, 
the outer membrane, in place of being thin and 
transparent, is separated in the form of a lid, 
thus becoming operculate (operculum, a lid), as 
in the Passion-flower (fig. 354) and Gourd (fig. 
355). Grains of pollen have sometimes both 
folds and pores. There may be a single pore 
in each fold, either in the middle (fig. 367), or 
at the extremities; or folds with pores may 
alternate with others without pores; or finally, the pores and folds 
may be separate. 
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Fig. 361.--<}raJn of poUen of Cannabii gatit^a, or common Hemp, e, Equator, pp^ Poles. 

Fig. 36&-~Polien>gntiii of (Enotbcra bieunis entire, with three auRJes, where tabes are i»ro- 
daced. 

Fig. 868.—The same, with one of its angles giving origin to a pollen-tube, which is formed by 
the Intine. Vheii the tube protrudes, the extine is ruptured. 

Fig. 864 —Polyhedral poUen-graln of CIchorium Intybus, or Chicory 

Fig. 366. —PoUen-grain of Dactylis glomerata, or Cocks-foot grass. 

Fig. 366.—Pollen-grain of Furoaria capreolata. 

Fig. 867.—Grain of pollen of Lytbrum Sallcaria, showing six folds, three of which are per¬ 
forated by a pore In their middle, and three alternating with them have no porea pp, Poleai 
e e. Equator. 1. The gridn in a dry state. % The grain swollen in water, so as to t^e a globular 
form and display Itsfolda The intine or internal membrane begins to protrude through the pores. 
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426. The form of the pollen-grains is much altered by the applica¬ 
tion of moisture. Thus, in fig. 367, 1, the pollen grain of Lythrum 
Salicaria, when dry, has an ellipsoidal form, but when swollen by the 
application of water, it assumes a globular form (fig. 367, 2). This 
change of form is due to endosmose, and depends on the fovilla being 
denser than the water. If the grains are retained in water, the disten¬ 
sion becomes so great as to rupture the extine irregularly if it is 
homogeneous, or to cause projections and final rupture at the ^ilds or 
pores when they exist. ITie intine, from its distensibility, is not so 
liable to rupture, and it is often forced through the ruptured extine, 
or through the pores, in the form of small aac-like projections (figs. 
867,2, 362). This effect is produced more fully by adding a little nitric 
acid to the water. The internal membrane ultimately gives way, and 
allows the granular fovilla to escape (fig. 357/). If the fluid is ap¬ 
plied only to one side of the pollen-grain, as when the pollen is applied 
to the pistil, the distension goes on more slowly, and the intine is pro¬ 
longed outwards like a hernia, and forms an elongated tube called a 
poMn-txibe (fig. 363). This tube, at its base, is often covered by the 
ruptured extine, and probably also by some of the coverings mentioned 
by Fritzsche as intervening between it and the intine. It contains in its 
interior fovilla-granules, and its functions will be particularly noticed 
under fertilization. The number of pollen-tubes which may be pro¬ 
duced depends on the number of pores. In some pollinia, the number 
of tubes which are found is enormous. Thus, Amici calculates that 
the two pollen-masses of Orchis Morio may give out 120,000 tubes. 

427. In Crrpiogamic Plant* there arc certain 
organs which are supposed by some to be equiva¬ 
lent to stamens. On that account they were 
denominated by Hedwig antheridia, by others 
poUinaria. They consist of closed sacs of different 
forms, rounded, ovate, oblong, clavate, flask-like, 

&c., developed in different parts of the plants, 
containing a number of corpuscles immersed in 
a mucilaginous fluid, which at a certain period 
of growth are discharged through an opening at 
the surface. Sometimes the antheridium is a 
simple cell, at other times it is composed of a 
number of cells, as in Hypnum triquetrum (fig. 

368,1). It either appears on the surface of the 
plant, or is concealed within its tissue. An¬ 
theridia are sometimes confined to particular 
parts of the plant, at other times they are more 



Fig. 868.—I. Anthcridlam or polliniirlnin, o, of a moss called Hypnum triqaetTnm, at the 
moment when Its apex is rupturing to discharge the contents, /. 3. Four utricles of the contents 
containing each a pliytozoon or moving corpusde roUod up in a circular manner 8. Single 
phytozoon separated. 
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generally diffused. Their contents are small utricles or cellules, vary¬ 
ing, Uke pollen-grains, in the different orders of cryptogamic plants, and 

enclosing in place of fovilla, peculiar 
bodies called phytozoa [<pvTot, a plant, 
and an animal) (fig. 308, 2), which 
are often rolled up in a circular or spiral 
manner, as in llepaticas and Mosses 
(fig. 308, 3). These exhibit active 
movements at certain periods of their 
c.xistence, and resemble in this respect 
animalcules. In Chara vulgaris (fig. 
.SOD), the anthcridium or globule, as it 
is called, contains cells, 1, from which 
jiroceed numerous septate (septum, a 
division) tubes, t. In each of the 
divisions of the.se tube.s, 2, there is a 
phytozoon which c.scajies in a sjiiral 
form, leaving the division empty, 3, 
and ultimately becomes unrolled, 4, 
exhibiting two vibratile cilia (cMiunt, an eyelash,) to which the move¬ 
ments are referred. 



428. The Disk. —The term disk is applied to whatever intervenes 


r 



belween the stamens and the jiistil, and is 
one of those organs to which the name of 
vetiary was applied by old authors. It pre¬ 
sent.-. gieat vaiietios of form, such as scales, 
gland.s, hairs, petaloid appendages, &c., and 
m the progress of growth it often contains 
sacchai me inalter, thus becoming truly nec- 
taiiferons. The degener.ition and transfor¬ 
mation of the stamens frequently form the 
disk. It may consist of jiroccsscs rising from 
tlie torus, alternating with the slameus, and 
thus representing an abortive whorl; or it 
may be opposite to the .stamens, and then 
formed by chorization (^ 383), as in Cras- 


siila riibens (fig. 258 a). In some flowers. 


as Jatrojflia Ciircas, in which the .stamens arc not developed, their 


place is occupied by glandular bodies forming the disk (fig. 314, 2, u). 


Fig. 1 Portion of antlici i'iumi or of Oli.na vulfffins. Several septate or pivr- 

tfnoned tubes attacliod to a uti ule or vesicle. Ain.-ibsof similar utiiolcs, forming the bases 
of a large number of tultcs, tills the tavity ot the anthei idiuiii 2. rxtrcmlty of one of tbcHS 
tubes, composed of seveial cellules, in each of wln< li i8 a ithjtozoon. One ct the phytozoa Is 
rei>u- 3 ente,d half flctiielicd from tlie cellule. 3 K.\titinil} et a tube fioin which the phytozoa 
aat^aped, with the exception of the terminal cellule 4 One of the phytozoa separated. 

' '^70. lualt, ci, 0 ^ Pteonia iMoutim, or Tiee Paouy, co\ ci ing the ovary, and luteriiosed bc- 

•the whorl of stamens, n, and the piatU, p. 
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la Gesneraoese and Cruciferaj the disk consists of tooth-like scales 
at the base of the stamens (fig. 345, t). The parts forming the disk 
sometimes unite and form a glancMaf' ring, as in the Orange ; or a 
dark-red lamina covering the {^ttljas in Pajonia Moutan (fig. 370, (1 ); 
or a waxy lining of the calyx/ube, as in the Rose (fig. 270 C <}•; or a 
swelling at the top of tlie ovslty, as in Umbelliferte. ^ ■ 

429. The Pistil —The pistil occupies the centre or axis of the|fewer, 

and is surrounded by the stamens and floral envelope^ wl^r^tliese 
are present. It constitutes the innermost whorl,^d is.thi female 
organ of the plant, which after flowering is changefl i^to the wit, and 
contains the seeds. It sometiu.es receives the narnejof (yanj, 

pistil, and oh*/o», habitation). It consists es.scStiall^ ot\ two parts, the 
ovary or germen, containing ovules or young seed^mnd the stigma, a 
cellular secreting body, which is either seated immedia^lV, on the ovary, 
and is then called sessile, as in the Tulip and Poppy, (%. 409), or is 
elevated on a stalk called the style, interposed between the ovary and 
stigma. The style is not necessary for the perfection of the pistil. 
Sometimes it becomes blended with other ptirts, as with the filaments 
of the anthers in the column of Orchidaccie. 

430. Like the other organs, the pistil consists of one or more modi¬ 
fied leaves, which in this instance are called carpds (xte^z-oc, fruit). 
The analogy of carpels to leaves may be deduced irom their similarity 
in texture, and in venation, from the jiresence of stomata, hairs, and 
glands; from their resenihlance to leaves in their nascent state; from 
their occasional conversion into true leaves, as in Lathyrus latifolius; 
and from the ovules corresponding in situation to the germs or buds 
found in some leaves, as those of Bryophyllum calycinum. When a 
pistil consists of a single carpel it is simple, a state usually depending 
on the non-development of other carpels,; w'hen it is composed of 
several carpels, more or less united, it is compmtnd. In the first- 
mentioned case, the terms carpel and pistil are 
synonymous. Each cari)cl has its own ovary, style 
(when present), and stigma, and is formed by a 
folded leaf, the upper sm-face of whicli is turned in¬ 
wards towards the axis, and the lower outwards; 
while at its margins are developed one or more buds 
called ovules. That this is the true nature of the pistil a 
may be seen by examining the flower of the double¬ 
flowering Cherry. In it no fruit is produced, and the 
pistil consists usually of sessile leaves (fig. 371), the 
limb of each being green and folded, with a narrow- 
prolongation upwards, s, as if fi-om the midrib, n, and 

^1*—Curpellary Jea/of the doul<]e-tlo\\eniip Cliei ly. Jn this plant the pisill Is composed 
disttnctly of one or more leaves folded InwHnitx Lmnind or blade ot the htaf oi carpel «, Pro- 
lonffation of the rnidilb, ft, reprc&uutiug the btyJe. and cuding In a circular thkkcued portion 
equivalent to the stigma. 
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ending in a thickened portion. When the single-flowering Cherry is 
examined, it is found that, in place of folded leaves, there is a single 
body (figs, 372, 873), the lower part of which is enlarged, forming the 
^ ovary, o, and containing a single ovule, g, 

y y attached to its walls, with a bundle of vessels,/n, 

Jj ji entering it, a cylindrical prolongation, t, forming 

ffl-t I the style, and a terminal expansion, s, the stigma. 

•ji f j; It will be seen that in this case two carpellary 

/( ij leaves have become succulent and have united 

Ji /J\^ together, so as to form a compound pistil, with 

M \ /a\ ® ^iuRle cavity containing one young seed. 

Jf, U /^W 431. The Ovary then represents the limb or 

0 W 1 lamina of the leaf, and is composed of cellular 

ftl i l\u i ' tissue with fibro-vascular bundles, and an epi- 
jj dermal covering. The cellular tissue, or paren- 

yufi chyma, often becomes much developed, as will 

‘ ' be seen particularly when fleshy fruits are con- 

37^ 873 1 ■' V 

sidered. The outer epidermis corresponds to the 
lower side of the leaf, exhibiting stomata, and sometimes hairs; the inner 
surface represents the upper side of the leaf, being usually very delicate 
:md pale, and forming a layer called sometimes epithelium (ivl, upon, and 
tender), whicli does not exhibit stomata. The vascular bundles 
correspond with the veins of the leafj and consist of .spiral, annular, 
and other vessels. 


432. The Style has usually a cylindrical form, consists of cellular and 
v.ascular tissua, and when caretully examined is ibund to be traversed 
by a narrow' canal (fig. 373 c), in which there are some loose project¬ 
ing cells (figs. 374, 375), Ibrming what is called the conducting tissue. 
-V tr.ansverse section of the style of Crown Imperial (fig. 374), shows 
three vascular bundh's, v v v, corre.spouding to three .styles which are 
united into one, and p, loose cells in the canal of the st^le. This 
canal is bounded by cellul.ir tissue (fig. 375 c c), traversed by spiral 
vessels, V v, and in its interior, besides the loose colls, p p, there are, 
especially at the period of fecundation, elongated tubes,/'_/( which in 
))art fill up the canal. The name, conducting tissue, is given to that 
found in the canal of the style, on account of the part which it plays 
in conveying the influence of the pollen to the ovules, as will be ex- 
filained under fertilization. Lindley has shown that in some instances 
the style scem.s to derive its origin from the placenta. The presence 
of the style is by no means essential to the perfection of the pistil. It 
varies in its shape and position, being usually apicilar, but from altera- 


372.—Pistil or carpel of tlie singlc-floweiint; Cherry In Its normal state o. Ovary, 
i^yle. a. Stigma, 

373 —The same cut vertically, to show the central cavity of the ovary, o, with the ovule, 
•pended futm its wall at a point where a bundle t)f nouushln" vesseK/», teimliiates. 
Afyle traversed by a canal, c, which runs from the stigma, s, to tJic cavity of the ovary. 
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tion in the direction of the central axis, it occasionally seems^ to be 
lateral. Its form and appearance also varies; under ordinary circuni- 
stances it is rounded in shape, but occasionally becomes flattened. ly 
the species of Clematis it is furnished with hairs; in Euphorbia it 
becomes forked. 



l]7r‘> 


433. The Stigma is a continuation of the cellular tissue in the centre 
of the style, and it may be either terminal, when the canal opens at 


the top only (figs. 373 s, 376, 1), or 
lateral, when the splitting of the 
canal takes place on one side (fig. 
377 s), or on both sides (fig. 378 s s). 
The stigma sometimes extends along 
the whole length of the style. In 
other instances the style is absent, 
when the stigma is said to be sessile. 
In Orchidaceous plants, it is placed 
on a part of the column called the 
gynizus (ywri, pistil, and I sit). 
It is composed of cellillar tissue more 
or less lax, and often having pro¬ 
jecting cellules in the form of papill® 
(fig. 376, 2), or of hairs (figs. 379, 



370 877 378 

3, 410 s), and at the period of 
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fertilization e.xuding a riscous fluid, which retains the grains of pollen, 
and causes the protrusion of tubes. 

434. A pistil is usually formed by more than one carpel. The 
carpels may be arranged like leaves, either at the same or nearly the 
sanie height in a verticil (figs. 380, 381), or at diflferent heights in a 
spiral cycle (fig 306 c). When they remain separate and distinct, thus 
showing at once the composition of the pistil, as in Caltha, Ranun¬ 
culus, Hellebore, and Butomus (fig. 381), the terra apocarpus (sire, 
separate, and fruit) is applied. Thus, in Crassula rubens (fig. 

258), the pistil consists of five verticillate carpels, o, alternating with 
the stamens, e ; and the same arrangement is seen in Xanthoxylon 
fraxineum (fig. 380). In the Tulip-tree (fig. 306), the separate car¬ 
pels, c c, are numerous, and arranged in a spiral cycle, upon an elon¬ 
gated axis or receptacle. In the Raspberry, the carpels are on a 
conical receptacle; in the Strawberry, on a swollen succulent one; and 
in the Rose (fig. 270 o o), on a concave one, »• r, covered by the tube 
of the calyx, c t 



•jia ';8<i iihi 


435. When the fruit consists of several rows of carpels on a flat 
receptacle, the innermost have their margins directed to the centre, 
while those of the outer rows are arranged on the back of the inner 
ones; if the receptacle is convex, the outer carpels are lowest, as in 
the Strawberry ; if concave, the outer ones are uppermost, as in the 
Rose. At other times the carpels are united, as in the Pear, Arbutus, 
and Chickweed, so that the pistil becomes syncarpous {cvv, together or 

Fi;? Summit of tho style, t, ot Hibiscus jialustrls, dividing' into five branches, which 

are eatdi lemiitmtcd by « stif'ina, # '2 One of thoHo branches highly niupiified 3. Portion of 

t)ie surface of the cfin.ia still mort nm; ■ 'led to siiow its papilla*, which arc elongated like hairs. 

Fig. 380 —Pistil o* \.i5ith i\\ l«.*i tniM- • I’M. conMstmg of five distinct carpels, suppoitcd on a 
gyoophore,^. Each oi iho ovuiies, o, bears a terminal style dilated at its exti’emity into a 
The fire stigmata remaii' for n tin'c a^’horeMt bv their shies. 

Caipels of iiinbcl"Hn' c.-t.viHjjiig o' i..,'l,d lea%-•« ai'anged Indifferent 

2 Section of th<* •«:m ‘•hovni'c tl cuhc-n.iti'-n oi ih. tl- rb. i Three outer 

fW of the periurth, o', aiteniuting with thin iiii ci i n* .v 1 , three rows of stamens, e o andsi, 
Ifhc cHJiiels, c <? and c t 
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united). In Dictamnus Frasinella (fig. 382), five carpels unite to form 
a compound pistil. In Scilla italioa (fig. 259), the three carpels form 
only one apparently; but on examination it will be found that the 
pistil consists of three carpels alternating 
with the thiec inner stamens. The 
union, however, not always complete; 
it may take place by the ovaries alone, 
while the styles and stigmataremainfree, 
the pistil being then gamogastrous{yafciis, 
union, and yaaTjjf, ovary) ; and in this 
case, when the ovaries form apparently 
a single body, this organ receives the 
name of compound ovary; or the union 
may take place by the ovaries and styles, 
while the stigmata are disunited; or by 
the stigmata and the sunnnit of the style 
only (fig. 380). Various intermediate 
states exist, such as partial union of the 
ovaries, as in the Kue, where they 

coalesce at their base; and partial union of the styles, as in Malvaceae 
(fig. 383). The union is usually most complete at the ba.se; but in 
Labiata; the styles are united throughout their length, and in Apocy- 
naceae and Asclepiadaceaj, the stigmata only. 

430. When the union is incomplete, the number of the parts of a 
compound pistil may be determined by the number of styles and 
stigmata (fig. 383 s); when complete, the external venation, the 
grooves on the surface, and the internal divisions of the ovary, indicate 
the number. When the grooves between the carpels are deep, the 
ovary is denominated lobed, being one, two, 
three, four, or five-lobed, according to circum¬ 
stances. In fig. 383, the nine carpels forming 
the ovary, o, are divided by giooves; and in fig. 

884, a transverse section of the ovary of Fuchsia 
coccinea, shows the four carpels which form it. 

The changes which take place in the pistil by ad¬ 
hesion, degeneration, and abortion, are frequently 
so great as to obscure its composition, and to lead to anomalies in the 





Fig. 882.—PortUm of the pistil of Dictfimnuei Fraxlnello. Two of the five carpels have been 
removed in ordei to diow how the atyles, pi oduced on the inner side of the carpela and at first 
distinct, aMroximate aod become onited into one. o. Ovaries, two of which In nont show their 
dorsfU san^ rf, and their lateral surface, I At the base of the gynophore, are seen the 
cicatiiees, c, markinff the infiertion of the calyx, the petals, and tile stamena 
Fiff. 383.—Pistil 01 Malva Alcca. o, Nine ovaries, united so as to form one. t, Column formed 
by nine styles united to near their summit, where they diverge and separate. Each of the divi¬ 
sions of the style is terminated by a stigma, s. 

Fig. 384.—Horizontal section of the four-celled {quadrtlocular or tetmOtecaJ) ovary of Fuchsia 
coccinea. cc c c, Wall of the ovai v which is formed by fourcaipellary leavea a, OuadraoM- 
lAT axis to which the carpels are united, o, Oi-ules attacJicd to the inner margin of the carpels. 
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alternation of parts. The pistil is more liable to changes of this kind 
than any other part of the flower. 

437. The carpels are usually sessile leaves, but 
sometimes they are petiolate, and then are elevated 
above the external whorls. This elevation of the 
pistil may in general, however, <De traced to an 
elongation of the axis itself, in such a way that the 
carpels, in place of being dispersed over it, arise 
only from its summit. A monstrosity often occurs 
in the Rose (fig. 385), by which the axis is pro¬ 
longed, and bears the carpels, /, in the form of 
alternate leaves. Thus, by the union of the petioles 
of the carpels, or by lengthening of the axis, the 
pistil becomes slipitate {stipes, a trunk), or supported, 
as in the Passion-flower, on a stalk (figs. 380, 882 g), 
called a gynophore {ywii, pistil, and I bear), 

or thccaphore a case). Sometimes the axis 

is produced beyond the ovaries, and the styles be¬ 
come united to it, as in Geraniaccsc and Umbel- 
hfeiaj. In this case the piolongation is called a 
carpophore (kx^vo;, h uit, and pofM, I bear). 

438. The ovules are developed on the inner side of the carpel where 
the two edges of the carpellary loaves unite, and they are connected 
to it by vascular bundles which proceed from below upwards, traverse 
the carpel, and send a branch to each of the ovules. At the same 
place there is a development of cellular tissue in connection with the 
conducting tissue of the style and with the stigma. By the union of 
tliese tissues is formed the placenta, or projection to which the ovules 
are attached. Some restrict the term placenta to the point of attach¬ 
ment of a ijngle ovule, and call the union of placentas, bearing several 
ovules, placentaries or pislillary cords. The part of the carpel where 
the placenta is formed, is the inner or ventral suture, corresponding 
to the margin of the folded carpellary leaf, while the outer or dorsal 
suture corresponds to the midrib of the carpellary loaf The placenta 
is hence sometimes called marginal. The placenta is formed on 
each margin of the carpel, and hence is essentially double. This is 
seen in cases where the margins of the carpel do not unite, but remain 
separate, and consequently two placentas are formed in place of one. 
In fig. 386, the two carpels are folded, so that their margins meet, and 
the placenta is apparently single; whereas in fig. 387 the margins of 
each carpel do not meet, and the placenta of each is double. Again, 
in fig. 388, the two carpels, after meeting in the centre or axis, a, are 

Fig. S85.—f ectlon of monstrous Roso, as flpurod at section 324, the axis of which is prolonged 
beyond the flower, and the envelopes removed to show the abortive sttuiiens, r. The eat^ls are 
attaohc^aUcnidtoly along the axis in the fomi of ieave& i>, Abortive floral euvelopea SlAtneoi 
In inimbet flower at the apex. 
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reflected outwards towards the dorsal suture, S d, and their margins 
separate slightly, each being placentary and bearing ovules, o. 



381. 387 388 

439. When the pistil is formed by one carpel, the inner margins 
unite in the axis, and form usually a common marginal placenta, 
'riiis placenta may extend along the whole margin of the ovary as tar 
as the base of the style, or it may be confined to the base or apex 
only. When the pistil is composed of several separate carpels, or, in 
other words, is apocarpous, there are generally separate placentas at 
each of their margins. In a syncarpous pistil, on the other hand, tlie 
carpels are so united that the edges of each of the contiguous ones by 
their union form a septum {septum, a fence or enclosure), or dissepmmU 
(dissepio, I separate), and the number of these septa consequently in¬ 
dicates the number of carpels in the compound pistil. It is obvious 
tl)en that each dissepiment is formed hy a double wall or two laminae; 
that the pritsence of a septum implies the presence of more than one 
carpel; and th^t, when carpels are placed side by side, true dissepi¬ 
ments mu.st be vertical, and not horizontal. 

440. When the dissepiments extend to the centre or axis, the 
ovary is divided into cavities, cells or loculaments (loculus, a box), and 
it may be bilocular, trilocular, quadrilocular, quinquelocular, or multi- 
locular, according as it is formed by two, three, four, five, or many 
carpels, each corresponding to a single cell or loculament (fig. 381, 2, 
c e, c i). In these case.s the marginal placentas meet in the axis, ami 
unite so as to form a single central one (fig. 380 a). Son»e call this 
placentation axile (belonging to the axis), but this term is perhaps pro¬ 
perly restricted to cases where the placenta is an actual prolongation 
of the axis. The number of loculaments is equal to that of the dis¬ 
sepiments. In fig. 384, there is shown a transverse section of the ovary 
of Fuchsia coccinea, c c c c' being its parietes formed by the union of 
four carpellary leaves, a the axis united to the parietes by dissepiments, 
and 0 the ovules attached to the placentas at the margin of each carpel. 
When the carpels in a syncarpous pistil do not fold inwards completely 
so as to meet in the centre, hut only partially, so that the di.ssepiments 
appear as projections on the walls of the ovary, then the ovary is 
unilocular (fig. 587), and the placentas are parietal (^paries, a wall). 


Flc«. 381!, 387,388 —Horizontal sections of ovaries, composed of two carpeliary leaves, the edees 
of whieti are folded so as to meet m the axis, a, in fl,; 387; are reflected inn aids into tlie locula¬ 
ments after meeting in the axis In flg. 388; and do not reach the axis tn tig. 337. 
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A horizontal section of the oVary of Erythraea Centaurium (fig. 389), 
exhibits a unilocular ovary with parietal placentas, 
formed at each of the margins of the carpels which 
do not meet in the centre. In these instances the 
placentas may be formed at the margin of the united 
contiguous leaves, so as to appear single, or the margins 
may not be united, each developing a placenta. From 
this it will be seen that dissepiments are opposite to 
placentas, formed by the union of the margins of two 
contiguous carpels, but alternate with those formed 
by the margins of the same carpel. 

441. The carpellary leaves may fold inwards very slightly, or they 
may be applied in a valvate manner, merely touching at their margins, 
the placentas then being parietal, and appearing as lines or thicken¬ 
ings along the walls. In fig. 390, the pistil of Viola tricolor is repre¬ 
sented, 1, cut vertically, and, 2, cut transversely, the ovules being 
attached to the walls of the ovary, and the placentas, p, being merely 
thickened portions of the walls. Cases occur, however, in which the 
placentas are not connected with the walls of the ovary, and form what 
is called a free central placenta. This is seen in many of the Caryo- 



phyllaceae. Thus, in Cerastium hirsutum (figs. 391, 392), the ovary, 
0 , is composed of five carpels, indicated b^ the styles, *, but there is 
only one loculament, the placenta, p, being free in the centre, and the 
ovules, g, attached to it. 


Fig. 38ft.—Hoiijsontal section of the ovary of Ervthnea Centanrlmn. e, ‘Wall or paries of the 
ovary or carpeUery leaf p. The edge on which the placenta is formed, bearing the ovnles, o. 
J, Cell or loculament 

Fig. 390.--Pistil of Viola tricolor, or Pansy, cut vertically to sliow the ovules, o, attached to the 
parietes. Two rows of o\'ules are seen, one in front, and the other In profile p, A thicken^ 
line on the walls forming tho placenta, c, Calyx, rf, Ovaiy. 1. Hooded stigma terminating the 
short style. 2. Horiiontal section of the same, p. Placenta, o, Ovules. «, Suture. 

Fig, wl.—Pistil of Cerastium hiisutum cut vertically, o, Unilocular or monothecal ovary, p. 
Free central placenta, g. Ovules. «, Styles. 

Fig. 892.—'nie same cut horizontally, and the halves separated so as to show the interior erf the 
c^vl^ Of the ovary, o, with the free central placenta, p, covered with ovules, g 
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442. Id Caryophyllaoeas, however, while the placenta is free in the 
centre, there are often traces found at the base of the ovary of the 
remains of septa, as if rupture had taken place; and, in rare instances, 
ovules are found on the margins. But examples occur of this kind 
of placentatioD, as in Primulaceae, Myrsinaceae, Santalacese, and Theo- 
phrasteae, in which no vestiges of septa or marginal ovules can bo 
perceived at any period of growth. Duchartre states that the free 
placenta of Primulacem is totally different from that of Caryophyl- 
lacesB. It is always free, and rises in the centre of the ovary, and the 
part uncovered by ovules gradually extends into the style. It is not 
first continuous with the style, and then free; neither is it originally 
marginal, and then free; but it is, according to him, wholly through¬ 
out its organogeny (opyavov, organ, and yiueci;, production or develop¬ 
ment) separate and axile. 

443. This placentation, therefore, has been accounted for in two 
ways, either by supposing that the placentas in the early state were 
formed on the margins of csrpellary leaves, and that in the progress of 
development these leaves separated from them, leaving the placentas 
.and ovules free in the centre ; or by supposing that the placentas are 
not marginal but axile formations, produced by an elongation of the 
axis, the ovules being lateral buds, and the carpels verticillate leaves, 
united together around the axis. The latter view hius been supported 
by many botanists, and is confirmed by the fact, that in some cases 
the placenta is actually prolonged beyond the carpels. The first of 
these views would apply well to CaryophyllaceaJ, the second to Primu- 
laceaj. In the latter case, the only way of explaining the appearance 
on the marginal hypothesis, will be by considering the placentas as 
formed from the carpels by a process of chorization 383), and united 
together in the centre. 

444. Some indeed, as Schleiden and End- 
licher, consider the axile view of placentation 
as applicable to all cases, the axis in some cases 
remaining free and independent, at other 
times sending prolongations along the margins 
of the carpellary leaves, and thus forming the 
marginal placentas. The occurrence of pla¬ 
centas over the whole inner surface of the 
carjHils or of the dissepiments, as in Nymphma 
and in Butomus umbellatus (fig.s. 393, 394) ; 
also, though very rarely, along the dorsal 
suture, as in Cabomba, or on lines within the 
margm, as in Orobanche, has been supposed to confirm this view. 
Schleiden argues in favour of it, from the case of Armeria, where there 

. of the cfiipcls of Butomus umbellfttn.s. or flowering Gush, cut trausversely 

in 393, ftnd longitudinally in 394 I, Loculament oi cavity of tbe carpel, o, Ovules. «, Stigmatik 
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are five carpels and a single ovule attached to a cord, which arises 
from the axis, and becomes curved at the apex so as to suspend the 
ovule ; also, from cases, such as Taxus, where the ovule appears to be 
naked and terminates a branch. 

445. lliis theory of placentation, however, cannot be easily applied 
to all cases; and Gray says that it is disproved in cases of monstrosity, 
in which the anther is changed'into a carpel, or where one part of the 
anther is thus transformed and bears ovules, while the other, as well 
as the filament, remain unchanged. In the case of Lullii fcctida, the 
entangled fibres of the carpellary leaves, even in the young state, 
Seem to be connected with jierpendicnlar lines forming the placenta. 
Brongniart mentions a case where the marginal placenta was entire, 
while the axis was prolonged separately, and totally unconnected 
with the placenta ; he also notices peculiar monstrosities, which seem to 
prove that, in some oases at least, marginal placentation must take place. 

446. Upon the whole, then, it appears that marginal, or, as it is 
often called, carpellary placentation, generally prevails; that axile 
jilacentation explains easily cases such as Primulaceie, while such in¬ 
stances as CaryophyllacetD are explicable on either view. 

447. Occasionally, divisions take place in ovaries which are not 
formed by the edges of contiguous carjiels. 'i'hese are called spurious 

dissepbnents. They are often horizontal, and are then 
called phrac/mala a separation), as in Catharto- 

carpus Fistula (fig. Jifia), where they consist of transverse 
cellular prolongations Irom the walls of the ovary, only 
developed after fertilization, and therelore moi-e properly 
noticed under fruit. At other times they are vertical, as 
in Datura, where the ovary, in place of being two-celled, 
is tlms rendered four-celled ; in Cruciferie, where the pro¬ 
longation of the placentas forms a replum [replum, leaf of a 
door) or partition ; in Astragalus and Thespesia, where the 
dorsal suture is folded inwards ; and in Diplophractum, 
where the inner margin of the carpels is rellexed (fig. 388). 
In Cucurbitacea', divisions are formed in the ovary, appa¬ 
rently by peculiar projections sent inwards from curved parietal pla¬ 
centas. In some cases, horizontal dissepiments are supposed to be 
formed by the union of carpels situated at difierent heights, so that the 
base of one becomes united to the apex of another! In such cases, 
the divisions are true dissepiments formed by carpellary leaves. The 
anomalous divisions in the ovary of the Pomegranate have been thus 
explained. 

448. The ovary is usually of a more or less spherical or curved form, 
sometimes smooth and uniform on its surface, at other tim'es hairy 

Fl0(.-M.illstll of Cassia or Cathartocarpns Fistula, in an advanced state, cut longitudinally 
to spurious transverse diasepimuntiii, oi phrugmata. 
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and grooved. The grooves, especially when deep, indicate the divisions 
between the carpels, and correspond to the dissepiments. The dorsal 
suture may be marked by a slight projection, or by a superficial groove. 

449. The ovary is either free in the centre of the flojver, or it is 
united to the surrounding parts, more especially to the calyx. The 
union may take place completely, so that the calyx is adherent througb- 



t tLoadhereatcaly., 

consolidated into one, and adhei elU tor h df the.r ^ 11 T»'" oranes 

p. Placentas covered kitt, ovtlleL oUhetSlt '• *’ 

Of ihe ovalT Jonzontally into two halves through the midfllo 

or loculi vkh the ovules f>vary hM been left untouched, to show its four cavities 

hiffhJv niairnified The nnn^huV 384 shows the same section more 

a row '• veitically, to allow the ovules, g, arranged in 

In the form ttf n ovary below, is prolonged abo\e It 

the tiihp nf tifp^ h th^ 'l^’idea at its summit into four segments, f 1. />, Petals inserted on 
titbe\i5(?-Ttii!iv I ^ ^ ** divides into settmonts. c, Htamens Inserted also on the 

by on'ovoid'stl^a ^ sKmmlt of the ovary, and terminated 
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the ovary, o, becomes halj-inferior, the calyx being half-superior. These 
adhesions between the calyx and the ovary will be found to be of im¬ 
portance, as determining the epigynous and perigijnous (M, upon or 
above, and TejJ, around, and yvvn, pistil) condition of the stamens. 
Cases of adhesion between the ovary and the calyx, as occur in the 
Apple, Pear, Gooseberry, and Fuchsia, (fig. 399), must not be con¬ 
founded with cases such as the Kose (fig. 270), where the tube of the 
calyx becoi^es enlarged and hollowed so as to cover the carpels. In 
the former tease a transverse section (fig. 399) shows one or several 
closed loQ^ments containing ovules; while in the latter, it exhibits 
one cavity'bpen at the top, and separate carpels scattered over the 
surface, each having a style and stigma. 

450. Peculiar views have been advocated by Schleiden, who con¬ 
siders the ovary in some cases as not formed by carpels, but by a 
hollowing out of the axis, at other times by these two modes combined. 
Thus the superior ovary, according to him, is formed of carpellary 
leaves, while the inferior ovary of the Ajiple and Pomegranate is com ¬ 
posed of the expanded summit of the axis, bearing the carpels in its 
interior; that of Epilobium is formed from the stem alone, and that of 
Saxifrage partly by the peduncle and partly by carjjels. 

451. The Style proceeds from the summit of the carpel, and may 
be looked upon as a prolongation of it in an upward direction (fig. 
372 i). It is hence called apicHar {apex, top). It consists not merely 
of the midrib, but of the vascular and cellular tissue of the carpel, 
along rvith a continuation of the placenta or conducting tissue, which 
ends in the stigma. In some cases, the carpellary leaf is folded from 


above downwards, in a hooded manner, so 
that its apex (as in reclinate vernation, fig. 
yrr, H \ 205 o) approaches more or less to the base. 

V i f/t p/ VVlien the folding is slight, the style becomes 

y /, /u/era/(fig. 382); when to a greater extent, 

I W f.'-' p th*’ style appears to arise from near the base, 
as in the Strawberry (fig. 400), or from the 
‘‘(i base, as in Chrysobalanus Icaco (fig. 401), 

when it is basilar. In all these cases the style 
1 indicates the organic apex of the ovary, although it may not be 
I apparent apex. 


452. The carpel sometimes becomes imbedded in the torus or 


thalamus, so as to have a projection of the latter on one side; and then, 
if the style is basilar or lateral, it may adhere to this portion of the 
torus, and appear to arise from it. This is seen in Labiat® (fig. 402), 
and Boraginacea; (fig. 403),where the four carpels, o, are sunk in the 


Flc. 400.—Carpel of Stiawlierry. o, Ovary, t. Style arising from near the base, said becoming 
basilar by the mode In wliicli tlie ovaiy la developed; the btyJe, however, still Indicating the 
organic apcit of the ovary 

rig. 401.—Carpbl ol Chrysobalanus Icaco o. Ovary, f, Basilar style, s, Stigma. 
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torus, r, in such a way that the common style, s, fcrrmed by the union 
of four basilar styles, seems to be actually a prolongation of the torus. 
When ovaries are thus attached 
round a central prolongation of j 
the torus, continuous with a /' 

united columnar style, the ar¬ 
rangement is called a gynohase 
{yvviit pistil, and base). It 
is well developed in Ochnacese. 

In Geraniums ther^ is a car]io- 
phore or prolongation of the 
torus in the form of a long 
beak, to which the styles are 
attached. 

453. The form of the .style is usually cylindrical, more or less filiform 
and simple; sometimes it is grooved on one side, at other times it is 
flat, thick, angular, compressed, and even petaloid, as in 
Iris and Canna. In Goodeniaceie it ends in a cup-like ex¬ 
pansion enclosing the stigma. It may be smooth and covered 
with glands and hairs. These hairs occasionally aid in scat¬ 
tering the pollen, and are called collect,iiig hairs, as in Gold- 
fussia or Kuellia. In Campanula they appear double and 
retractile. In Aster and other Compositie (Qg. 404), there 
are hairs produced on parts of the style, p c, prolonged 
beyond the stigma, s; these hairs, while the ])att is being 
developed, come into coiilact with the pollen and carry it 
up along with them. In Vicia and Lobelia, the hairs form 
often a tuft below the stigma. 

454. The styles of a syncarpous pistil may be either separate or 
tinited; when separate, they alternate with the septa. When united 
completely, it is usual to call the style simple (fig 399); when the 
union is partial, then the style is said to be lijid, tnjid, mvltifid, accord¬ 
ing as it is two-cleft, ihiae-clefr, many-cleft; or, to speak more 
correctly, according to the mode and extent oi the union of two, three, 
or many styles. The style is said to be hipaitite, tripartite, or multi¬ 
partite, wlien the union of two, three, or many styles only extends a 
short way above the apex of the ovary. 'I'he style from a single carpel, 
or from each carpel of a conijiound [listil, may also be divided. In 

Fig. 402.—Pistil of Liimiom album, Btiiiun l.y .a vortical section of part of the ttowor. Two of 
the four OTurica have been rcmoveil to evhilut the conucctum of the style with the toms, r, by 
adhesion, o. The two lemumiug ovimes. if, Olundular disk iilueod below the pisul c. Part of 
culjrx. p, Corolla 

I'lfr. 403.—Flstil of Erltbncmm Jacqnemontlnmim, with one of the cvancs removed in fiont, 
to show the inannei in which tiio ovaries are msertea obliquely on a p} lamidal torus, r, whence 
the style appears to arise, ending in a stigma, f,. 

Fig. 4(H.—Summit or the stylo, f, of an Aster, separating into two branches, a. each terminated 
by an inverted cone of coiiecting tialrs, p c. The stigma, *, is soeu below m tlie torm of u band 
or line on the inner curvature of the biantbea 
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fig. 314, 2, each division of the tricarpellary ovary of Jatropha Curcas 
has a lifurcate or forked style, s, and in fig. 405, the ovary ofiEmblica 
officinalis has three styles, each of which is divided twice in a bifurcate 
manner, exhibiting tbj|| a dichotomous division. 

* 4i55. The length of the style is determined 

by the relation which ought to subsist 
between the position of the stigma and that 
of the anthers, so as to allow the proper 
application of the pollen. In some cases 
tlie ovary passes directly into the style, as 
in Digitalis, in other instances there is a 
marked transition, Irom one to the other. 
The style may remain persistent, or it may 
fall* oil' after tertilization is accomplished, 
and thus be deciduous. 

. 45t). Th«! is the termination of 

the conducting tissue of the style, and is 
usually in direct communication with the 
placenta. It may, therefore, in most instances, be considered as the 
placentiferous portion of the carpel prolonged upwards. In Armeria, 
an€ some other plants, this connection with the placenta cannot be 
traced. Its position may be either terminal or lateral. The latter 
is seen in some cases, as Asimina triloba, where it is unilateral (fig. 
877), and m Plantago saxatiiis (fig. 378), where it is bilateral. Occa¬ 
sionally, as in Tasmannia, it is prolonged along the whole inner 
surface of the style. In Iris, it is situated on a cleft on the back of 
the petaloid divisions of the style. Some stigmata, as those of thc> 
Mimulus, present sensitive llattened lamina; which close when touched. 
The stigma consists of loose cellular tissue, and secretes a viscid 
matter which detains the pollen, and causes it to protrude tubes. 
This secreting portion is, strictly speaking, the true stigma, but the 
name is generally applied to all the divisions of the style on which 
the stigmatic apparatus is situated, as in Labiata;. The stigma alter¬ 
nates with the dissepiments of a syncarpous pistil, or corresponds with 
the cells; but in some ca.ses, it would appear that half the stigma 
of one carpel unites with half that of the contiguous carpel, and thus 
the stigma is opposite the dissepiments, or alternates with the cells. 
This appears to be the case in the Poppy, where the stigma of a single 
carpel is two-lobed, and the lobes are opposite the septa. 

457. If the stigma is viewed as essentially a prolongation of the 
placentg, then there is no necessary alternation between it and the 
placenta, both being formed by the margins of carpellary leaves, which 

FIc 405.—Female flower of Embhca officinalis, one of the Enphorhiaceflc. e, Calyx, p p, 
Petals. Memjbranous tube Burroimding the ovaiy. o, Ovary, crowned by throe stylos, ». each 
being twice MfoOcatc. 
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in the one case are ovuliferous, in the other stigD(telifer(|i^. There is 
often a notch in one side of a stigma (as in somg Kosac^), indicating 
apparently that it is a double organ like the placenta, 'll) the division 
of a compound stigma the terms tryftf, «^|fcre appffid, according 
to the number of the divisions. Thu^n L^Htae (fig.®99), and in 
Compositte (figs. 301, 404 s), the stigm*s fc4fi«n PolenEnium, trifid. 
When the divisions are large, they are {^ledJBpw, and tnbn flattened 
like hands, lamellcB; so that stigmas ma? he pmobate, trilM^e, hilamd- 
lar, Irilamellar, &c. 

458. It has already l^een stated tlikt Abe divisions 
mark the number of carpels which arc tlifited togetbClC 
jianula (fig. 405 bus), the (juniquefid oflMe-cleft stigma -indicates five 
carpels, the stigmata of which aie sep^te, although the other parts 
are united. In Bignoniaceae (fig. 40G), as well as in Scrophulariacea? 
and Acantliacea?, the two-lobed or bllarnellar stigma indicates a bilo¬ 
cular ovary. Sometimes, however, as in the case of the styles, the 
stigma of a single carpel may divide. It is probable that in many in¬ 
stances, what is called bifurcation of the style is only the division of the 
stigma. In Gramineie and Compositic (figs. 301, 404), there is a bifid 
stigma and only one cavity in the ovary. This, however, may be pro¬ 
bably traced to subsequent abortion of the ovary of one of the carpels. 
The stigma presents various forms. It may be globular, as in Mirabilis 



405 6m 40(i 407 4(tS 400 


.Lilapa (figs. ,07C, 407); orbicular, as in Arbutus Andracbne (fig. 408); 
urnbrella-like, as in Sarraccnia, wbercj, however, the proper stigmatic 
surface is below the points of the large expansion of the apex of the 
style; ovoid, as in Fuchsia (tig. SOO) ; hemispherical; polyhedral; 
radiating, as in the Poppy (fig. 409), where the true stigmatic rays 
are attached to a sort ot pcUatG or shield-like body, which may repre- 

FiR. 406, 6«.—StiRtnas, e. of Campanutu rotimdifolia. 1. Style. 

FIr, 40({ —Bllarnellar stiRtnas of UiRnonla panclorea. The two lamellte arc applied naturally 
against each othei in 1, while in 2 they are artitlcluUy separated. 

Fig. 407.—Globular stigma of Mirabilis Jalapa t. Style s. Stigma. 

Fig 408.—Circular stigma, s, and t, etyle of Arbutus Andvochrie. 

Fig. 409.—Pistil of Papaver somntfenun, or opium rojipj. q. 0>arj- t, Kadiating stigmas on 
Its summlL 
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sent depressed or flattened styles. The lobes of wKich a stigma con¬ 
sists may be |at or pointed, as in Mimulus and Bignonia (fig. 406); or 
fleshy and blint, smooA, granular, feathery, as in many Grasses (fig. 
410). In Cw:hidace«|he stigma is placed on the column formed by 
the union omhe styljRnd fmments. I'he situation where it occurs 
Las been cafed gynizm (^ 433). In Asclepiadaceas the stigmas are 
tinited to tl* ^ace of tie anthers, and along with them form a solid 
mass (tig. 

459^ |nrj>iagaroi{ Plants there exist organs called pistil/idia, 

' en supposed to porforni the function of pistils. They 

conlli|>pDflow cavities, like ovaries, to which the names of sporangia 
(ffxofal, ,a spore or seed, andy^yyoj, a vessel), and thecae (f!)*», a sac), 
have been given, containing l»dies called spores, ociuivaleut to ovules. 
These spores being capable of germination, and being devoid of 
cotyledons, have been termed leafless phytons. The sporangia, or 
spore-cases, are sometimes immersed in the substance of the plant, 
as in Kiccia glauca (fig. 411, 1); at other times they are supported 
on stalks, or seta; (set,a, a bristle), as in Mosses. In Marchantia poly- 



morpha, they consist of distinct and separate exjiansions, having a 
bottle-like form (fig. 412), the lower part, o, being enlarged, contain- 


Fig.410.—Pistil of CjTiotlon IiadyUtn, a Grass, o, Ovary $, Feath'^y Stigmas. 

Fig. 411.—1. Perpendicular scLtion of thefiond,/, of Kit cia glauca, and of the sporangium 
or s^re-case, o. vluch is imbedfled in it s. Narrow piocc.ss or style by which the siforangium 
communlcatefl with the external Rurftice I Its cavity orloculu.s s. Young epoies still united 
in sets of four in til© paient cells », Cells elongated like roots 2 One of the cells moie highly 
magnified, with the four spores which it contains. Three of the spores are seen, the fourth 
being concealed by them 

Fig. 4U—Sporangium or spore-case of Marchantia polymorpha o, Uollow swelling contain¬ 
ing spores, and which has been compared to the ovary, t. Narrow process prolonged upwards, 
end resembling a style. «, Termination of this cellular process, compared to the stigma, c, 
Cellular covering of the sporangium, or sporc-cuse, surrounding it like a calyx. 
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ing the spores, and being surrounded by a cellular tube resembling 
a calyx, c. From this o\-ary-like body there is a prolongation which 
may be considered as a style, t, terminated by a cellular enlargement, 
s, which has been compared to a stigma, tte styloid prolongation 
withers and disappears when the spores ^ ^ 

mature. Sopietimes the thecte, as in Lich^s, 
consist of a club-shaped elongated cell or 
(fig. 413, 1), containing nuclei or cells in its 
interior, which fofin the spores. Sometimes 
these are single, at other times united in sets 
of two (fig. 413, 2), or of four (fig. 411, 2), 
or of some multiple of four. 'Ihere are various 
modifications of sporangia in other Cryptogam ic 
tribes. Thus, in Ferns, they are often sur¬ 
rounded by an annular ring, or by elastic bands, 
which cause their dehiscence; while in the 
Chara they ate called nucules, and present an 
oval form with a spiral arrangement of tubes. 

460. The Ovnlr— Ibe ovule is the body attached to the placenta, 
and destined to become the seed. It be.ai's the same relation to the 
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carpel that marginal buds do to leaves, and when produced on a free 
central placenta, it may be considered as a bud developed on a branch 
formed by the elongated axis. The single ovule contained in the 
ovaries ol' Coniposita; and Grasses, may be called a terminal bud 
surrounded by a whorl of adhering leaves or carpel.s, in the axil of 
one of which it is iiroduced. In Delphinium elatum, Brongniart 
noticed carpels bearing ovules, which were sometimes normal, at other 
times mere lobes of the carpellary leaf; and in Aquilegia, Bindley saw 
ovules transformed into true leaves, produced on either margin of the 
carpel. Henslow has seen the ovules of Mignonette become leaves. 
In such cases the vascular bundles of the placenta {pislil/ary cords) 
are formed by the lateral veins of the carpellary leaf These veins 
pass into the marginal lobes or leaflets which represent ovules, and 
seem to prove that the placenta, in such cases, must be truly a 
carpellary, and not an axile, formation. Godron, from observing 
monstrosities, says, that in Leguminos®, the pericarp, or s(‘ed-vessel, is 
I’ormed by the common petiole dilated, the style is probably the 
terminal leaflet, or tendril, or ajiiciiliini, while the ovules represent 
lateral le-aflets of the leaf and are modifications of it. 

461. The ovule is usually contained in an ovary, hut in Conifera? 
and Cycadace® it has no proj'er ovarian covering, and is called nahed. 
In these orders the ovule is produced on the edges, or in the axil of 
altered leaves, which do not present a trjice of style or stigma. The 


Fljf. 413 —1. Tlipca or ascus of .Soloiina aaccata, a specieB of Lichen, containing eiglit Bpoits, 
tniCed In seta of two. 2. Two ot these ilouble spores highly magnified. 
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carpellary leaves are sometimes so folded as to leave the ovules exposed, 
or seminude, as in Mignonette. In Leontice thalictroides (blue cohosh), 
the ovules rupture the ovary immediately after flowering, and the 
seeds are exposed. So also in species of Ophiopogon, Peliosanthes, 
and Stateria, In the species of Cuphea, the placenta ultimately 
bursts through the ovary and corolla, becoming erect^and bearing 
the exposed ovules. 

462. The ovule is attached to the placenta either directly, when it 
is called sessile, or by means of a prolongation called a. funiculus {funis, 
a cord), un^ical cord, or podosperm a foot, and a seed). 

This cord sometimes becomes much elongated after fertilization. The 
placenta is sometimes called the trrphosperm 1 nourish). The 

])art by which the ovule is attached to the placenta or cord, is its base 
or /alum, the opposite extremity being its apex. Tlie latter is fre¬ 
quently turned round in such a way as to approach the base. The 
ovule is sometimes imbedded m the jilacenta. 

463 In its simplest form, as in tlie Mistleto, the ovule presents itself 
as a small cellular pi ejection, which enlarges, assttinos an ovoid form 

(fig. 414), and ultimately becomes 
hollowed at the ape.x (fig. 415 c). 
The cavily thus produced is sur¬ 
rounded by a mass of cells called the 
nucleus, n, and is destined to contain 
the embryo plant after the process of 
lertilization has been completed. In 
this embryonal cavity the young plant 
is susiiended by a thread-like cellular 
process called suspensor, attached to the summit of the nucleus. This 
cavity in some plants is surrounded by the cells of the nucleus; but, 
in other cases, it becomes lined with a regular epithelial (T^ 431), or thin 
cellular covering, and constitutes the embryo sac, whicii is produced 
before fecundation, and contains amnios or mucilaginous matter in 
which the embryo is Ibirned. 

464. The nucleus (fig. 421 w) may remain naked, and form the ovule, 
as in the Mistleto, Veronica hedenfblia, Asclepias, &c.; but in most 
plants it becomes surrounded by certain coverings during the progress 
of development. These appear first in the form of one or more cellular 
rings at the base, which gradually spread over the surface. In some 
cases only one covering is formed, as in Composite, Campanulaceae, 
Walnut, &c. Thus, in the latter (fig. 416), the nucleus, n, is covered 
by a single envelope, t, which, in the first instance, extends over the 
base, and then spreads over the whole surface (fig. 417), leaving only 



Fig. 414.—Ovule of the Mistleto entire. 

Pin. 416 —Ovule of Mistleto cut to sbow tlio cmbiyo-sac, c, anti the whole of the rest of the 
•’.ompoeed of uniform tissue, and loimlng a nucleus without iiitCMumuiils. 
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anoppTiing at the apex. In other instances (fig. 418), the nucleus, n, 
besides the single covering (fig. 418, 2, ti), has another developed sub¬ 
sequently (fig. 418, 3, te), which 

gradually extends over the first, " 

and ultimately covers it completely. 

There are thus two integuments, an 
outer and an inner—the latter, ac¬ 
cording to Sclileidcn, being first pro¬ 
duced. Mirbel considers the outer 
as the first formed, and hence has 
called it primine, te, while the inner 
is denominated seciimliiie, ti. 'I’he 
latter names are in the jiresent day u.sed by botanists as denominating 
the outer and inner covering, without reference to their order of 
development. At the apex 
of the nucleus these integu¬ 
ments leave an opening or 
foramen composed of two 
apertures; that in the jui- 
mine (fig. 418, 3, cr), called 
eroetome outside, and 

orofia, motuh), that in the 
secundine (tig. 418, 3, ed), 
endostaiiie (Aboi/, within). The 
foramen of the ovule is also called iiiicropylc small, and a 

gate); but this name is ol'ten re.strieted to its appearance in the seed after 
fecundation. 'I’hc length of the camU of the toramen depends on the 
development of the nucleus, as well as the thickness of the integuments. 
The embryo-sac is sometimes prolonged beyond the apex of the nucleus, 
as noticed by Meyen in Ph.aseolus and Alsine media, tU'd by Griffith 
in Santalum album and Loranthus. Some authors, as Mirbel, consider 
the ovule in i-eferenco to the embryo, and speak of five coverings of 
the latter, viz., f. pruniue; 2. secundine; .3. torcine, or the nucleus; 
4. quartine, a temporary cellular l.'iyer, which is occasionally formed 
iit an .after period aiouud .5. quintine, or the embryo-sac. By mo,st 
botanists the nucleus and sac with its two integuments are mentioned 
as the ordinary structure of the ovule. 

465. All these parts are originally cellular. The nucleus and in¬ 
teguments are united at the base of the ovule by a cellulo-vascular 




Fiff 41G.—Ovule of Ju^jlan; reffia, tlio Walnut t. Simple w, Nucleus, tlie base 

of \yhicli onlv IS coveu-d witli jnttRuiueiit at tlic einl) peiiod ■ ' .!■ \i , • i. of 
i'JW- 417.—Tlic same o\iilc moie advanced, in wltuii tlie nucleus Is nearly completely covered 
big. Ovule of PolygopUTU ejuntsuiu ut various apes n, Nuclens te, 'ibe outer iiiK'pu- 
nient or primine ti. The iiiutT integument or secuiKkne. cx, Exostome or opciuiiff In tlie 
pnmino. ed, Endostome or opening in the secumline. 1 Ovule m the early shite, when the 
nucleus is still Utikcd. 2. 0> iile iii second stage, when the nucleus is covered at its base by tho 
Internal integumeiit or secundine only. 3 <)\iile in the third stiitre wlien the two integuments, 
primine, and secundine, fonu.a dt;ublc covering, at the ape' ot whnh tlie nucleus still appeal*. 
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membrane, called the chalaza (fig. 421 ch). This is often coloured, of 
a denser texture than the surrounding tissue, and is traversed by fibro- 
vascular bundles, which come from the placenta, in order to nourish 
the ovule. The hilum indicates the organic base of the ovule, while 
the foramen marks its ape.x. When the ovule is so developed that 
the union between the primine, secundine, and nucleus vidth the 
chalaza, is at the hilum or base (next the placenta), and the foramen 
is at the opposite extremity (figs. 417, 418), the ovule is orthotropal, 
orOiotrovovSy or atropous (ofWf, straight, and mode, or a, pri¬ 

vative, and I turn). This is the state of an ovule when it first 
makes its appearance, and occasionally, as in Polygonacem, it remains 
permanent. In such ovules, a straight line drawn from the hilum to 
the foramen passes through their axes. 

46G. In general, however, changes take place on the ovule, so that it 
deviates^from the straight line. Thus it may be curved upon itself, so 
that the forapicn approaches to the hilum or placenta, and ultimately 
is placed close to it, while the chalaza is only slightly removed from 
the hilum. This change depends apparently on the ovule increasing 
more on one side than on the other, and as it wei-e drawing the chalaza 
slightly to one side of the hilum opposite to that where the foramen is 
applied. Such ovules are called campylotropal or campylotropous 
(KxfcvvAos, curved), when the portions on either side of the line of curva- 
tion are unequal (fig. 410); or camptoiropcil ( curved), when 





they are equal (fig. 420). Curved ovules are found in Leguminosae, 
Crnciterso, and Caryophyllacete. The union between the parts of the 
curved portion usually becomes complete, but in some cases there is 
no union, and the ovules are lecotropal, or horse-shoe shaped (>if*of, a 
hollow disk, and TfoVo,-, mode or form). 

467. When in conseiiuenoe of the increase on one side, the ovule is 

Fiff. 419.—Campylotropal or Campylotropous ovule of tlic Stock 1. Ovule entire. 2. Ovale 
cut lengthwise, Funiculus or umbilical cord c, Chalaza n, Nucleus, te, rrinilnc or outer 
covering, ff, Secundine or Inner covering, ear, Exostorae. etf, Endostome- 
FJg. 420.“ Carpel of Menlspermum caiiadense, with a curved or camptotropal ovule, o. /, 
EunCculus. a, I'be base of the style. 
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SO changed that its apex or foramen (fig. 421, 4, n), is in close apposi¬ 
tion to the hilum (fig. 421, 5, h) and the chalaza is also carried round 



so as to be at the opposite extremity'(fig 421, 5, c), then the ovule 

becomes inverted, anatropal or anatropovs I subvert). In 

this case (fig. 422), the union of the chalaza, cli, with the nucleus, 

n, is removed from the hilum, and the connection 

between the chalaza and j.lacenta i.s kept up by a vas- ^ 

cular cord, r, passing through the funiculus, and called \ 

the raphe {f>u!pn, a line). The raphe often forms a ii /i '. j 

ridge along one side of the ovule, and it is usually n Li! iL.. 

on the side of the ovule next the placenta. Some 

look upon this kind of ovule as formed by an elongated \'A\ I 

funiculus (fig. 421, .5, /) folded along the side of the ' T\\m j/j 

ovule, and becoming adherent to it completely; and \ 

support this view by the case of semi-anatropal ovules, 

where the funiculus is only, as it were, partially 

attached along one side, becoming free in the middle; and also by 

cases where an anatropal ovule, by the separation of the funiculus from 

its side, becomes an orthotropal seed. 

468. The anatropous form of the ovule is of very common occur¬ 
rence, and may probably aid in the process of fertilization. Ovules 


which are at first orthotropous, as in Chelidonium majus (fig. 421, 2), 
become often anatropous in the progress of development (fig. 421, 4). 
When the ovule is attached to the placenta, so that the hilum is in the 
middle, and the foramen and chalaza at opposite ends, it becomes 
transverse, amphilropal or helerotropal around, tripos, diverse). 

4G9. The nucleus of the ovule becomes hollowed at a particular 
part (fig. 415 c), so as to form a cavity. Mirbel states that the whole 
nucleus is transformed into a membrane called the tercine, lining the 
secundine, and that in its interior aihother covering, the quartine, and 


Fig. 421.—Ovule of Clieliflonium majus at different stajees of development, h, Hilum or urn- 
bilicufl. ch, Chalaza. /, Funiculus or umbilical cord. i\ Raphe, n, Nucleus. <«, Secundine. 
t&. Primine. ed, Endostome. ex. Exostome. 1. First sta^c: nucleiw still naked. ^ 2. Second 
stace: nucleus covered at its base by the secundine. 8. ITilrd stnffe: the primine developed 
and covering the secundine at its base. 4. Fourth staffer the ovule completely reflected, and 
its point turned downwards, b The same cut longitudinally, to show the relation of its different 

Fig. 422.—Anatropous ovule of Dandelion, cut vertically eft, Chalaza. r, Raphe. «, Nuclena. 
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finally, the embryo-sac, are produced. The view, howeve?, generally 
adopted, is that tiie embryo-sac is formed within the nucleus, assuming 
a greater or less size according to circumstances, and in some instances 
reducing the nucleus to a mere external sac. In the interior of the 
embryo-sac, cellular layers are deposited from without inwards, the 
earlier ones probably forming the fugacious quartine of Mirbel. 

470. In the Mistleto there are two or three embryo-sacs. The 
neck of the embryo-sac in Veronica and Euphrasia becomes elongated 
and swollen, and from it are developed certain cellular or filamentous 
appendages, which are probably connected with the nutrition of the 
embryo. 

471. The position of the ovule relative to the ovary varies. When 
there is a single ovule, it may be attached to the placenta at the base 
of the ovary (boKal placenta), following a straight direction, and being 
erect, as in Polygonaceae and Compositije (lig. 423); or it may be in¬ 
serted a little above the base, on a parietal placenta, with the apex 
upwards (fig. 424), and then is called ascendnii/, as in Parietaria. It 
may hang from <an apicilar placenta at the summit of the ovary, the 
apex being downwards, and be inverted or pendulous, as in Ilippuris 
vulgaris (fig. 425), or from a parietal pkiccnta near the summit, and 
be suspended, as in Daidine Mezereuin (fig. 420), Polygalacete, and 
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Euphorbiacetfi. Sometimes a long funiculus arises from a ba^al pha- 
centa, reaches the summit of the ovary, and su.sj)onds the ovule, as in 
Armeria; at other times the hilum or true organic base appears to be 
in the middle, and the ovule becomes horizontal, peltate (pdta, a 
shield), or peritropcnis (‘^spi, around, and rplva, I turn). All these 
modifications are influenced by tliTi relative position of the hilum and 

Fig 423—426 — beltintjui)? to flitTci Ptit flowers, out vertically to show the different 
fliiectioijs of the Bohi.iiy ovule, o, f ontaiiied in tlicin 7, iuiiiculus. Jv<aphe. c, Chalazu. s. 
Base of the style. 

I'jtf. 44-3 —Carpel of Soiietio a uia ti is with . .1 * ei ect anatropous ovule. 

FIk 424 —Carjiel of rtiiictanu offlt intilj.i, • . w ,■!• an astciitlinff oi tlionopons ovule. 

425—Cai^lof Hippuils \ul)i.nis, Muicb-iau, with a reveised or pendulous anatropoos 

ovule 

lig. 426.—of iiapline Mczeieum, with a suspended anatropous ovule. 
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foramen, the length of the funiculus, and its adhesion, as well as the 
position of the placenta. -id, 

472, When there are two ovules in the same cell, they may be 
either collateral, that is, placed side by side (fig. 427), or the one may 
bo erect and the other inverted, as in some species of Spiraea and 
.dDsculus (fig. 428), or they may be placed one above another, each 
i'ullowing the same direction. Such is also the case with ovaries con- 
tiiining a moderate or definite number of ovules. Thus, in the ovary 
of Leguminous plants (fig. 42'J), the ovules, o, are attached to the 
extended marginal placenta, one above the other, forming usually fwo 
parallel rows corresponding to each margin of the carpel. When the 
ovules are definite (unilbrm, and can be counted), it is usual to find 
their attachment so constant as to aflbrd good characters for natural 
orders. When the ovules .are veiy numerous or indefinite, while -at 
the same time the placet\ta is not much dev€loj)ed, their position ex¬ 
hibits great variety, some being directed upwards, others downwards. 
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others transversely (fig, 43(1), and their form is .altered by pressure 
into various polyhedral shapes. In such cases it frequently happens 
tluat some of the ovules are arrested in their development and become 
abortive. In Cryptogamous plants, in place of ovules there are cellular 
bodies called spores, to which allusion will be made when the seed is 
considered. 

4 —Functions of the Fi.orai. ENVECorES. 

473. The bracts and calyx, when of a green colour, perform the 
same fimctions as leavtus, giving off oxygen under the influence of light, 
and producing the substance called chlorophyll or phytochlor. They 

Fig-. 427—Carpel of rFra*;!'! 1 ^ with two suspended collateral ovules o, One of the 

OvuIcB. /, Fumculus s 'lu*-Isisi i.i the • 

Fig. 428.—One of the ioculmncnts oi me ovary of jEscuIus hybrJda, laid open to show tv,o 
ovules, 0 0 , inseited at the samo height, but turned in ditterent directions, m m, Miciopylc In- 
aicating tl}<-'r; t, H ise of the stylo 

I ij 44!» 01 ... line of Ononis rotundifolla, with several cainjiylotropous ovale8» o, , 

I'lnttloii' >■! lilt •''n-i Funiculi s, Base of the stylo .. 

rig. 430.—Looulumcnt of the ovary of Pegamim Harmahi, with numerous ovules, o, attached 
to a projecting placcuta, p, and pointing In different directions. Base of st^ le. 
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are consequently concerned in the assimilation of matters fitted for the 
nutrition of the (Sower, and they aid in protecting the central organs. 
The corolla does not in general produce chlorophylle, nor does it give 
off oxygen. On the contrary, it absorbs oxygen from the air. At 
the same time that oxygen is absorbed there is a conversion of starch 
into grape sugar, an evolution of carbonic acid gas, and in many 
instances a very marked elevation of temperature, caused by the com¬ 
bination between the carbon of the flower and the oxygen of the air. 
The starch, which is stored up in the receptacle and at the base of the 
petals, by passing into the state of dextrin and grape sugar, becomes 
fitted for vegetable nutrition. At the same time important purposes 
are served in the economy of the plant. Thus the saccharine and 
honey-like matter which often collects in the cup of the flower, and 
sometimes in special pits or depressions, as in Crown Imperial, and 
Asarabacca, attracts bees and various insects, which are thus made 
instrumental in scattering the ])ollen. 'J’he tpiantity of oxygen absorbed 
was determined by Saussure. He found that double flowers absorbed 
less in jirojjortion to their volume than single flowers ; that the essential 
organs contained more oxygen than the floral envelopes; and that the 
greatest absorption took place when the stamens tind pistil were mature. 

474. The following are some of Saussure’s experiments;— 


Oxypen Consumed— 

nyFtmvcs entire. ity essential Organ, 

Stock, feinf^le.24 lumis. 13-r) tiiucs ihcir vol. 18* limes their voL 

Stock, doul)le... — 77 - — - 

Tuberose, sint;le. — 0*- — - 

Tuberose, double. — 7‘4 - — - 

Indian Cress, siu^’e. — 8 5- lG-3 - 

Indian Cress, double. — 7*25 - — - 

Brugmansia arborc n . — !>• - — - 

Fassiflora folia..... — lH-5 - — - 

Gourd, male tio^\or.10 — 7(5 10- - 

Gourd, female. 21 — - — - 

Hibiscus spenosu«>......12 — 5‘4 - O-O - 

H^Tiericum calycnmm. 21 — 7‘5 8 5 - 

Cobfea scaudens. — ()'5- 7-5 - 

Arum italicum. — — - 00* - 

IN'pha latifolia. — D-8 - — - 

■White lily... — 5- - — - 

Castanea vulgaris. — 01 —:— — - 


475. While this oxidation is going on, carbon is given oflf in the 
form of carbonic acid, and heat is developed by the combination between 
the oxygen and carbbn. The quantity of carbonic acid given off is in 
a ratio to the amount of oxygen absorbed, and the degree of heat 
present proportionate to the activity of the chemical and vital changes 
going on. Experiments have been performed by Lamarck, Schultz, 
Hvjjlfer, Saussure, Brongniart, Vrolik, and De Vriese, as to the 
a4|?eitmt of heat produced during flowering, especially by species of 
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Arum, Caladium, and Colocasia. These are plants in which the floral 
envelopes are nearly absent, while the essential orgatts, the torus and 
growing point, attain a high degree of development, forming a spadix 
enclosed in a large spatha. No heat could be detected when the 
contact of oxygon was prevented, either by putting the plants into 
other gases, or by covering the surface of the spadix with oil. The 
surface of the spadix is the part whence the heat was chiefly evolved. 
The Arum cordifolium occasionally had a temperature 20° or 30° above 
that of the surrounding air, Arum maculatum 17° to 20°; and Arum 
Dracunculus and other species still higher. The following observations 
were made by Brongniart on the spadix of Colocasia odora. The spathe 
opened on the 14th of March ; the discharge of pollen commenced on 
the 16th, and continued till the 18th. The maximum temperature 
occurred at different hours. 



Maximum. 

Tonipcrnture 
above the Air. 


Maximum. 

Temperature 
above the Air. 

14th March. 

3 r.M, 

4 5° Cent. 

17th — 

5 p.M. 

11-0° Cent. 

15th — 

4 — 

lo-o'' 

18th — 

11 A.M. 

8-2° 

16th — 

6 _ 

10 2® 

19 th — 

10 — 

2-5“ 


47C. Vrolik and De Vriese made a series of observations on the 
same plant, and have given the results for every half-hour. The fol¬ 
lowing are some of these results 


Hour. 

Temperature 

Temperature 

Hour. 

Temperature 

Temperature 

ol Plant 

ot Air. 

of Plant 

of Air. 

11-30 

20-6° Cent 

18-3° Cent 

8 

25-0° Cent 

16-6“ Cent 

12 

21-1 — 

18-7 — 

3-30 

24-4 — 

15-0 — 

12-30 

23-3 — • 

19-4 — 

4 

23'3 — 

15-0 — 

1 

24-4 — 

19-4 — 

5 

22-2 _ 

18-7 — 

1-30 

24-4 — 

18-9 — 

6 

210 — 

18-7 — 

2 

25-6 — 

17-2 — 

7 

20-0 — 

18-7 — 

2-30 

26-6 — 

15-6 _ 





The greatest amount of heat observed was at 2-30 P.M., when it was 
lO'd® above the temperature of the air. On the previous day the maxi¬ 
mum occurred at 3 P.M., and on the following day at 1, but then it 
was only 8-2° above that of the air. Decandolle states that at Mont¬ 
pelier, Arum italicum attained the maximum of temperature about 5 
p.M. Saussure observed similar phenomena, but to a less extent, in 
the Gourd, where the temperature varied from l-8o to 3'6o; also in 
Bignonia rad leans, from 0-9° to 3“. From all these experiments, it 
would appear that in theiAracese and some other plants, especially at 
the period when the essential organs reach maturity, there is a pro¬ 
duction of heat, which increases during the performance of their 
functions, attaining a daily maximum, and ultimately declining. 

477. While these changes are taking place, the starch is converted 
into dextrine, and ultimately into grape-sugar, which, being soluble, 
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can be immediately applied to the purposes of the plant. The honey¬ 
like matter thus formed is stored up ftequently at the base of the 
petals, in little pits or nectaries, as in Fritillary, Asarum, &c. It is 
considered by Vauclier and others as performing an important office 
in fertilization, covering the stigma, and aiding in the dispersion and 
rupture of the pollen-grains. Bees and other insects, in collecting 
the saccharine matter, also scatter the pollen. 

478. Flowering takes place usually at a definite period of the plant’s 
existence. It requires a considerable amount of nutrient matter, and 
its occurrence is accompanied with a greater or less exhaustion of the 
assimilated products. Hence, a certain degree of accumulation of sap 
seems necessary in order that flowering may proceed. Annual plants 
■are so exhausted after flowering as to die; but, by retarding the epoch 
tor two or more years, as by nipping of!' the flower-buds, time is 
allowed for accumulating sap; the stems, from being herbaceous, be¬ 
come shrubby, and sometimes, as in the Tree-Mignonette, they may be 
made to live and flower for several years. Perennial plants, by the 
retardation of flowering, are enabled to accumulate a greater amount 
of nut*itive matter, and thus to withstand the exhaustion. Many cul¬ 
tivated plants winch lay up a large store of nutriment in the form of 
starch, lose it when the plants shoot out a flowering stem. This is 
seen in the case of Carrots and Turnips, in which the succulent roots 
become fibrous and unfit for food when the plants arc allowed to run 
to seed 'file receptacle of the Artichoke and many Compositm, which 
is succulent before the expansion of the flowers, becomes dry as the 
process of llowering proceeds. The juices of plants, then, when 
r(»quired lor the jHirpose either of food or inedictne, ought in general 
to be collected immediately before llow'ering, 

479 By cutting a ring out of the bark of trees, and thus retarding 
the descent of the sap, the iieriod of llowering is sometimes hastened. 
Again, when the period of llowering is long delayed, either naturally, 
as in Agave and several palms, or artillcially, the process, when it doe.s 
begin, proceeds with amazing rapidity and vigour. In such cases tliis 
vigorous flowering is often followed liy the death of the plant. Kichard 
mentions, that a plant of Agave, winch had not flowered for nearly a 
century, sent out a flowering stem of 22g feet in 87 days, increasing at 
one period at the rate of one foot a-day. Common fruit trees, when 
they begin to flower, often do so luxuriantly; but if, from the season 
being bad, there is a defieienc}’ in flowering, it frequently happens that, 
from the accumulation of saji, the next year’s produce is abundant. 

480. If plants are allowed to send out their roots x'ery extensively 
in highly nutritive soil, the tendency is to produce branches and leaves 
rather than flowers. In such cases, cutting the roots or pruning the 
young twigs may act beneficially in checking the vegetative functions. 
In pruning, the young shoot is removed, and the buds connected with 
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the branch of the previous year are left, whiJh thus receive accumu¬ 
lated nourishment. Grafting, by giving an increase of assimilated 
matter to the scion or graft (see section on Fruiting), and at the same 
time checking luxuriant branching, contributes to the hastening of 
the flowering. 

481. The period of flowering of the same plant varies at different 
seasons, and in different countries. During the winter in temperate 
climates, and during the dry season in the tropics, the vegetative pro¬ 
cess is checked, more especially by the diminished supply of ntoisture, 
and the arrestment of the circulation of the sap. The assimilated 
matter remains m a state of repose, I'eady to be applied to the purposes 
of the plant when the moisture and he;it again stimulate the vegetable 
lunotions. This stimujatiou occurs at diilercut periods of the year, 
according to the nature of the climate. By observing the mode of 
(lowering of the same species of plant in successive years, conclusions 
may be drawn as to the nature of the seasons in a country; and by 
contrasting these periods in diderent couiiliies, comparisons may be 
in.stituted as to tlic nature of their cliinate. Thus valuable floral 
calendars may be coiisti-uctod. 

482. Plarrts are accommodated to the climate in which they grow, 
and flower at certain seasons, and even when tiausl'erred to other 
climates where the seasons are reversed, they still have a tendency to 
flower at their accustomed period of the year. Again, m the same 
climate, some individuals of a species, trom a peculiar idiosyncrasy, 
regularly flower earlier than others. Decandolle mentious a horse- 
chestnut at Geneva, wdiich flowered always a month before the rest 
in the neighbourhood. From such individuals, by propagation, gar¬ 
deners are able to produce early-lloweriug varieties. 

483. There is a periodicity in the hours of the day at which some 

species open their flowers. Some exjiand early, some at mid-day, 
others in the evening. '1 ho flowers of Succory open at 8 a.m., and 
close at 4 p.m.; those of Tragopogon porrifolius, or Salsafy, close 
about mid-day. Linnaius constructed a floral clock or watch, in 
which the different hours were marked hy the expansion of certain 
flowers. The periods, however, do not seem to be always so regular 
as he remarked them at Upsal. The following are a few of these 
horological flowers, with their hours of opening;_ 

IpomccaNU. 

Tragopogon pratense. .. 

Papaver iiudicaiilo. 

Hx-poebjeris maculata . 

Various species of Sonchus and Hieracium 

Lactnea sativa. 

Specularia Speculum.” 

Calendula plmdalis. 

Anagollis arvensis . 


... 3 to 4 A.M. 
.. 4.. 6 — 
... 6 — 
... 6 — 
... 6...7 _ 
..7 — 

I 7 ... 8 _ 
... 8 — 
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Nolana prostrata..,.- . 8 to 9 a.m. 

Calendula arvensis. 9 — 

Arenaria rubra. 9...10 — 

Mesembr}’anthemum nodiflomm.10... 11 — 

Omithogalum umbellatum (Dame d'onze heures) .11 — 

Various Ficoideous plants.12 — 

Scilla pomcridiana. 2 p.M. 

Sileno nodi flora. 5...C — 

• CEnotbera bionui^. 6 — 

Mirabilis .litlupa. 6 ... 7 — 

Cereus grandifloms. 7...8 — 


48 i. Plants which e.xpanJ their flowers in the evening, as some 
species of Hesperis, Pelargonium, &c, were called by Linnaeus pfantos 
iriates on that account. Several .species of Coopena, and of Cereus, 
also Sceptranthus Drummondii, are nocturnal flowers. Some flowers 
open and decay in a day, and are called ephemeral, others continue to 
open and close for several days before withering. The corolla usually 
begins to fade after fecundation has been cifected. Many flowers, or 
heads of flowers, do not open during cloudy or rainy weather, and 
have been called meteoric. Cornpo.site plants frequently exliibit this 
phenomenon, and it has been remarked in Anagallis arvensis, which 
has hence been denominated the “poor man’s weather-glass.” The 
closing of many flowers in such circumstances protects the poOen from 
the injurious effects of moisture. 

485. The expansion and closing of flowers is regulated by light and 
moisture, and also by a certain law of periodicity. A plant accustomed 
to flower in day-light at a certain time, will continue to expand its 
flowers at the wonted period, even when kept in a dark room. Decan- 
dolle made a series of experiments on the flowering of plants kept 
in darkness, and in a cellar lighted by lamps. He found that the law 
of periodicity continued to operate for a considerable time, and that 
in artificial light some flowers opened, while others, such as species 
of Convolvulus, still followed the clock hours in their opening and 
closing. 

486. Light has been said also to have an effect on the direction 
which flowers assume. Some Composita;, as Hypochffiris radicata and 
Apargia autumnalis, are stated by Henslow to have been seen in 
meadows, where they abound, inclining their flowers towards the 
quarter of the heavens in which the sun is shining. A similar state¬ 
ment has been made regarding the Sun-flower, but it has not been 
confirmed in this country at least. Perhaps in its native clime, where 
the eflTect of the sun’s rays is gi e.ater, the phenomenon alluded to may 
be observable. Vaucher mentions the efi’ects of light on the direction 
of the flowers of many plants, as Narcissuses and certain species of 
Melampyruin. 

487. It is of importance, both as regards meteorology and botanical 
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geography, that observations should be made carefully on what are 
called the annual and diurnal periods of plants; the former being the 
space of time computed between two successive returns of the leaves, 
the flowers, and the fruit; and the latter, the return of the hour of the 
day at which certain species of flowers open. The same species should 
be selected in different localities, and care should be taken that the 
plants are such as have determinate periods of flowering. Rules as to 
the mode of observing periodical phenomena in plants have been 
drawn up by the British Association, and a committee has been ap¬ 
pointed to carry this into effect. The committee has published (1.) a 
list of plants to be observed for the periods of foliation and defoliation: 
(2.) a list of plants to be noticed for flowering and ripening of the 
fruit; (3.) a list of plants to be observed at tbe vernal and autumnal 
equinoxes, and summer solstice, for the hours of opening and closing 
their flowers. 

5.—Fukctioks of the Stamens and Pistil—Fertilization or Fecundation. 

488. The stamens and pistil are called the Essential Organs of 
flowering plants, inasmuch as without them reproduction cannot be 
eflfeoted. In plants which do not flower, this function is performed 
by special organs, which have been termed antheridia and arohegonia, 
or is accomplished by a process of conjugation or union of cells. 
Tbe stamens, considered as the male org.ans, prepare the pollen, which 
is discharged by the dehiscence of the anther. The pistil, or the 
female organ, is provided with a secreting surface or stigma, to which 
the pollen is applied in order that the ovules contained in the ovary 
may be fertilized. 

489. The existence of separate sexes in plants appears to have been 
conjectured in early times, as shown by the means taken for perfecting 
the fruit of the Date Palm. In this palm, the stamens and pistOs are 
on separate plants; and the Egyptians were in the habit of applying 
the sterile flowers to those in which the rudiments of the fruit appeared, 
in order that perfect dates might be produced. This practice appears 
to have been empirical, and not founded on correct notions as to the 
parts of the plant concerned in the process. In the case of the Fig, 
they were in the habit of bringing wild figs in contact with the culti¬ 
vated ones, on the erroneous supposition that a similar result was pro¬ 
duced as in the case of the Date, proving that they were not aware of 
the fact, that in the Fig there are stamens and pistils present on tbe 
same receptacle. The effect produced by the wild figs, or the process 
of caprijication (caprificiis, a wild fig-tree), as it was called, seems to 
depend on the presence of a species of Cynips, which punctures the 
fruit, and causes an acceleration in ripening. The presence of sexual 
organs in plants was first shown in 1676, by Sir Thomas Millington, 
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Savilian Professor at Oxford, and Grew. The opinions of these natu¬ 
ralists were subsequently confirmed by Malpighi, Eay, Morland, 
Geoffrey, and others. Linnieus made these organs the basis of his 
artificial system of classification. 

490. Numerous prool’s have bcfen given of the functions of the 
stamens and pistils, especially in the case of plants where these organs 
are in separate flowers, either on the same or on different plants. Thus, 
a pisfilliferous specimen of Palm (Chammrops humilis), in the Leyden 
Botanic Garden, which had long been unproductive, was made to pro¬ 
duce fruit by shaking over it the pollen from a staminiferous specimen.. 
The same experiment has on several occasions been performed in the 
Botanic Garden at Eilinburgh, and the fruit thus riiumed has furnished 
seeds which have germiiiated. Similar results were observed in the 
case of the Pitcher plant. In Cucunibc'rs, when the staminiferous 
flowers are removed, no jierfect fruit is i'ormed. llcmoving the stamens 
in the very early state of the flower, before the pollen is perfectly 
formed, prevents fertilization. Care must be taken, in all such experi¬ 
ments, that pollen is not wafted to the pistil fioiu other plants in the 
neighbourhood, and the result must be ])nt to the test by the germina¬ 
tion of the seed ; in some instances, tie’ fruit enlarges indejiendently of 
the application of the pollen, without, however, containing perlect seed. 
Thus, a species of Garica was fertilized by the ajiplicatioii of pollen, and 
produced perfect Criut and seed, and it continued for at least one year 
afterwards to have large and apparently perfect fruit, but the ovules 
were -abortive. 

4'J 1 Some authors maintain, that in flic case of Hemp, Spinach, 
Lvchnis dioica, Ca'lebogym*, and some other plants, perfect seeds have 
been produced without tlie, inlluence of pollen ; and these statements 
have been lately coufiriticd. Such cases arc recorded ;is examples of 
true PartbenogeneMs, or the )in)ductiou of perfect seeds without ferti¬ 
lization. In Pbaiierogamotis or tloweiiiig jdaiits in general, however, 
all experiments lead to the eoncliisiou that there are distinct sexual 
organs. 

492. In Cryptogamous or floveile.ss plant'', considerable doubts 
have been entertained as to the existence of such organs. In the 
simplest form of Cryjitogamio plants, ns the unicellular Ecd Snow, 
reproduction and iiutrilioii progress within the .same cell. As we 
ascend in the scale of vegetation, and the plant becomes more complex, 
there seem to be cells of different kinds, wbicli require to be brought 
into contact in order that spores (which are et|uivalent to seeds) may 
be produced. These ro])!oductive cells are of two kinds, and they 
are situated either together or apart, on the same or on different 
individuals. One of the.se is the A niheridium, a cellular body contain¬ 
ing granular matter, and Idit/tozoa {<^vT(lt>, a plant, and ^uo;, living), 
or minute bodies which exhibit movements; the other is the ristilli- 
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or Archegonium {duxi' beginning, and yino;, offspring), containing 
sportjs which germinate, and which are soraotimes provided with cilia 
(figs. 431—434), so as to become Zoospores 431 432 

living, and a seed or spore), or 

moving spores. These _ phytozoa have been 
regarded as exercising a function similar to 
that of the spermatozoa in animals, and hence 
they are sometimes called Spermatozoids. A 
ce.ssation of their active movements lias been 
observed coincident vitli the earliest forma¬ 
tion of the embryo, llofmeisler .states, that he 
has often seen sjiermalozoids swimming about 
around the .archegoninni, in longitiulmal sections 
of the involucres of Jmigcrmatiiiiic ; he has also 
seen them in a motionless slate afler tlie rudiment of the liiiit began 
to be developed. When the contents of the antheridia and arche- 
gonia are brought into contact a cellular body is produced in the 
latter This ceil or genii, wlien mature, may either be discharged, 
or may remain in coimeelion rvilli the jilaiit until further developed. 
In Alga', antheridia have been fnind containing ]di 3 ’tozoa. and pis- 
tillidia containing roosjiores 'I'lie same has been observed m P'ungi 
and Licliens. Mosses having antheridia and archegonia on the 
same stem gener.ally pro^e frnitinl; when lhe.se organs are situated 
on dilleieiit plants, unless they are in close jiroxirnitv one to the 
other, frnctitication does not result. The contact of the Antheridium 
and f-’istilliduini or Aieliegonium is nece.ssary tor the fertilization of 
the spore. In other cases, ,as in ConfervaB and Diatom,icetc, there is 
a union of the cells of the plant by conjugation, so as to produce 
germinating bodies. In these cases, the contents of onij cell pits.s, by 
the ibrniation ot a tube, into the other. In Zygnema, this conjugation 
gives rise to germinating bodies in the interior of one of the cells of 
the plant, in Diatomacerc, nu the outside of the cells. 

41)3. The union ol two kinds of enilochrowe (hlor, vithin, and 
colour), or of two kinds of coloured particles, appears in these plants 
to give rise to the sporangium or spore-case, and the spore. .Some¬ 
times the two kinds of endochrome are in separate plants, as already 
noticed, and then^ conjugation unites them, and causes a mixture of the 
endixihrome ; while in Meloseira, .^c., the diflerent kiirds are apparently 
situated in different ]iarts of the same cell, and movements take place 
towards the centre, by wliicli their union is effected and a spore pro¬ 
duced. In Ferns, Mosses, &c., there have been detected separate 

—Spores of different fiesh-water AJg®. 

T.il of u Coniei va, with two vibratile cUli 

Hg 4J-.—bpore oi a ni with lour cilias 

1 ' 'a ciiclc of cilia, 
rig. 43i —Spore of a Vauchcrla, covered with dlia. 
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cellular bodies, the union of which is considered necessary for the 
perfection of the spores. In Ferns, the spore, when germinating, forms 
in the first instance a cellular expansion sailed a prothallus. On this 
prothallus, antheridia and archegonia appear. The former consist of 
a cellular papilla having a central cavity x;ontaining free cellules, 
which cellules, when escaping from the investing papillary membrane, 
discharge ciliated spiral filaments or spermatozoids. The archegonia, 
which also exist on the surface of the prothallus, consist of cellular 
papilte, in the centre of which may be traced a closed canal leading 
to a cell or ovule, which is embedded in the substance of the pro¬ 
thallus, and contains within it the embryo germ. The spermatozoids 
come into Contact with this embryonic cell, which ultimately becomes 
matured, and finally (while still attached to the prothallus) gives 
origin to the proper frond, bearing sporangia and spores. In Lyco- 
pods the small spores contain cellules with spermatozoids, while the 
large spores contain a cellular prothallus in their interior, on which 
archegonia are developed. TJy the contact of these two bodies 
the embryo plant is produced. Similar bodies also exist in Kliizo- 
carps. In many Cryptogamic plants the formation of new cells 
by a con.stant proce.ss of fissiparous or merismatic division 24,) 
may be considered as analogous to the formation of buds, depending 
perhaps on certain changes similar to fecundation going ou in the 
interior. 

494. In flowering plants, various provisions are made for insuring 
the application of the pollen to the stigma. The comparative length 
of the stamens and pistils, their position, and the dehiscence of the 
anthers, are all regulated with this view. The existence of spiral cells 
in the eudothecium has reference apparently to the bursting of the 
anther, and the scattering of the pollen. The number of pollen-grains 
produced is also very great. Hassall says that a single head of Dande¬ 
lion produces upwards of 240,000, each stamen of a Pteony 21,000, a 
Bulrush 144 grains by weight. It has been stated, that a single plant 
of Wisteria sinensis produced, 6,750,000 stamens, and these, if perfect, 
would have contained 27,000,000,000 pollen-grains.* In the case of 
Evergreens, such as Firs, the quantity of pollen is enormous, appa¬ 
rently to insure its application notwithstanding the presence of leaves. 
The pollen from pine forests has been wafted by the winds to a great 
distance, and is said to have fallen on the ground like a shower of 

• The following estimate was made of the amount of flowers, stamens, &c.. In a sinele snodmen 
of Wisteria sinensis:— ' . . b 


Number of clusters of Flowers. 9,000 

- —-individual Flovkors. 675,000 

-Petals.3,375,000 

-Stamens.fi,75r,000 

-Ovules.4,050,000 


Fotthe purpose of fertilizing these ovules, the iintheis, If poifect, would have contained about 
274j|#^t(b0,000 poUcn-graiUB, or about 7o0o grains to each ovule. 
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sulphur. It is thus that some kinds of coloured rain, occasionally wit¬ 
nessed, may be accounted for. The pollen powder transmitted to 
considerable distances remains floating in the air till carried down by 
some descending shower. 

495. The quantity of pollen required for impregnation varies. 
Koelreuter says, that from fifty to sixty grains of the pollen of Hibiscus 
Trionum are required to fecundate the fruit completely, containing 
kbout thirty ovules. The ovary of Nicotiana, Datura, Lychnis, and 
Dianthus, according to Gicrtner, may be completely fertilized by the 
pollen of a single perfect anther. In Geum, from eight to ten anthers, 
out of eighty-four to ninety-six contained in each flower, are sufficient 
to fertilize from eighty to one hundred and thirty ovules contained in 
the ovary. 

490. In many trees in which the organs of reproduction are in 
separate flowers (as Hazel and Willow), the leaves are not q>roduced 
until fertilization has been effected. The protection of the pollen from 
the direct influence of moisture, is effected by the closing of the flowers, 
by the elasticity of the anther-coat only coming into play in dry 
weather; and in aquatics, either by a peculiar covering, as in Zostera, 
or by the flowers being developed above water, as in Nymphtea, Lo¬ 
belia, Stratiotes, and Hottonia. In Vallisneria spiralis, a plant growing 
in the mud of ditches, the staminiferous plants are detached from the 
soil, float on the surface of the water, and produce there flowers and 
pollen i while the pistilliferons plants send up a long peduncle (fig. 
228), which accommodates itself to the depth of the water by being 
spiral, and bears on its summit the flower with the pistil By this 
me.ans the two organs are brought into contact, and fertilization is 
effected. Lagarosiphon muscoides, an aquatic plant from Africa, 
shows similar phenomena in regard to impregnation as are seen in 
Vallisneria. When continued wet weather comes on after the pollen 
has been matured, and has begun to be discharged, it often happens 
that little or no fruit is produced. In flowers where the anthers 
burst in succession, the injury done by moisture is loss likely to ex¬ 
tend to all. 

497. In some plants the stamens, at a certain period of their develop¬ 
ment, move towards the pistil, so as to scatter the contents of the anther. 
In Parnassia palustris and Kne, they do so in succession. In Kalmia, 
the anthers are contained in little sacs or pouches of the corolla, until 
the pollen is mature, and when tho expansion of the corolla, and the 
elasticity of the filament, combine to liberate them, they spring towards 
the pistil with a, jerk. In Parietaria officinalis, and in the Nettle, the 
spiral filament is kept in a folded state until the sepals expand, and 
then it rises with elastic force and scatters the pollen. Similar pheno¬ 
mena ar6* observed in the Cornus canadensis. In the various species 
of Barberry, the inner and lower jJart of the filament is irritable, and 
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■when touched it causes the stamen to move towards the pistil. Tliis 
takes place naturally when the anther is ripe, and the recurved valves 
covered with pollen are ready to be applied to the stigma. The species 
of Stylidium have their anthers and stigma seated on a column, the 
base of which is slightly swollen and irritable When a stimulus is 
applied, this column passes with considerable force from one side of 
the flower to the other, rupturing the anther lobes, and thus aiding in 
fertilization. 

498. In certain plants the agency of insects is employed to insure 
fecundation. In species of Aristolochia, the tube of the calyx com¬ 
pletely encloses the organs of reproduction, and the stamens are placed 
below the .stigma, so that the pollen can neither be applied directly, 
nor be carried by the winds. These plants are said to be frequented 
by insects, which enter the tubes and reach the little chamber at the 
base, with the view of collecting saccharine matter. The deflexed 
hairs in the interior of the tube prevent their escape, and in their 
movements they apply the pollen to the stigma. When this is accom¬ 
plished, the flower withers, and the in.sects escape. Orchidaceous 
plants have remarkable flowers, wliicli resemble bees, flies, spiders, 
and in general the insects of the country in which they grow. The 
special odour of these flowers, :md the large ijuantity of honey-like 
matter connected with the essential organs, also attract insects to 
them. These insects, in searching for t'ood, detach the pollen 
masses, which are e.asily removed irom the clinandrium, or the part 
of the column on which they are jilaced, and then naturally fall on 
the stigmatio surface. Asclipiadacea! have also pollinia, and attract 
insects by their fetid odour in sonii' cases. ]5ees and aphides may 
in miiny instances, contribute to the jirocess of leitilization. 

499. While the pollen is being elaborated, tlie stigma is also under¬ 
going changes. It becomes enlarged, and secretes a viscid matter 
ready to detain the pollen-grains when they are discharged. This 
secretion was represented by Dr. Aldridge to be, in some cases, acid ; 
but it seems more generally to beof a mucilaginous or saccharine nature. 
Vaucher thinks that the nectariferous fluid usually found in the flower 
spreads itself over the stigma, and that it is sometimes instrumental in 
conveying the pollen-grains. In Goldfussia or Kiiellia anisophylla, 
and the species of Campanula, as media, l?apunculoides,and Trachelium, 
the stylo is covered with collecting hairs, wliich appear to aid in the 
application of the pollen. In the first-mentioned plant, a remarkable 
curvation of the style takes place, so as to make the stigma come into 
contact with the hairs. In Campanula, the hairs on the upper part of 
the style seem to collect the pollen, and allow it to be applied to the 
revolute branches of the stigma. In this genus the style is at first 
slightly longer than the stamens, but it soon becomes twice thdir length, 
and during its elongation, the hairs upon it brush the pollen-grains 



THEOEIBS OT EMBETOOENT, 


251 


out of the anther cases, and thus raise them into a position where they 
can be applied ultimately to the stigraatic surface. The stigma con¬ 
sists of two branches, which are at first erect, but afterwards, by 
changes in the cells, become completely revolute, so as to come into 
contact with the hairs. After the hairs have perfomed their ofUce, 
their fine inner membrane collapses by a process of endosmose, and the 
stiff outer membrane is drawn inwards, so as to retire within its cell. 
After the j)olien reaches the stigma, changes take place in it, by which 
the fovilla contained in the inline of the grains is allowed to escape. 
This fovilla consists of minxite molecules exhibiting certain movements, 
which by some have been considered analogous to those of phytozoa 
in Cryptoganiic plants, or spermatozoa in the animal kingdom. Others 
look upon these motions as entirely molecular, 

.500. The length of time during which the pollen retains its %'ilality, 
or power of eflccting fertilization, viirie.s in dill’erent plants. Accord¬ 
ing to G.au'tner and other.s, the pollen of some species of Nicotiana 
retains its vitality only lor forty-eight hours; pollen of various species 
of Datura, two days; pollen of Diantlius Caryophjllus, three days; 
pollen of Lobelia splendens, eight or nine da}s; jioilen of Cheiranthus 
Clieiri, fourteen days, pollen of Orchis aborliva, two months , pollen of 
Candollea, one year, pollen of Date Palm, one year or more. kJichaux 
says, that in some Palms, as Date and Clianiairops huniilis, the pollen 
may be applied successfully after having been carefully kept for 
eighteen years. The pollen retains its vitality longer when not removed 
from the anthers, and the finer it is, the more quickly it loses its 
fecundating property. 

501. Theories of EnibryoReny.— So far as the application of the 
pollen to the stigma is concerned, the process of fertilization onn be 
easily traced, but the changes which are subsequently produced on 
the pollen-grain and the ovule aie very obscure, require minute 
microscopic research, and have led to numerous conflicting theories 
of Embryogeny. It has been already stated that some physiologists, 
especially Dernhardi, believe, that in the case of Hemp, Lychnis 
dioica, and some other plants, an embryo, or yolrng plant, can be 
produced without the influence of the pollen. These views have lately 
been confirmed. It has been supposed however by some, that in Hemp, 
where the stamens and pistil are generally on separate individuals, 
there may occasionally occur instances in which they are developed 
on the same plant. It is kiKJWii that this takes place in other ca.ses. 
'I bus, a specimen of Chamairops humilis, or European Fan-palm, in 
thb Botanic Garden of Edinburgh, which had for upwards of twenty 
years shown pistilliferons flowers only, exhibited, in 1847 and 1848, 
both pistilliferous and staminiferous clusters, and produced perfect 
fruit without an artificial application of [lollen. Again, in dioecious 
plants growing in the open air, the pollen may be carried from other 
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plants by the wind, and thus produce perfect seed. There are thus na- 
merous sources of fallacy in Bemhardi’s observations relative to Parthe¬ 
nogenesis, which require to-be guarded against. Naudin has lately 
cotuSrmed the opinions of Spallanzani and Bernhardi by experiment. 
He says that the female Hemp plant can produce perfect seeds with¬ 
out the action of pollen. Some, with Henslow, on the supposition of 
the correctness of Bernhardi’s views, have thought that the case 
might be analagous to that of some Aphides, where one impregnation 
is sufficient to produce several generations. Mr. Smith and Eadlkofer 
state that a female plant of Coelebogyne, belonging to the natural 
order of Euphorbiaceae, produces perfect seeds in the garden at Kew, 
without any apparent contact of pollen ; and Gasparrini maintains, 
that in the‘case of the cultivated Fig, the seeds are the product of 
pistillate flowers only. Such cases, if proved, will modify the views 
entertained relative to the action of pollen. They are looked upon 
as cases of Parthenogenesis, or jiropagation without the action of 
pollen. They consist in the development of an individual from a 
cell with which no spermatozoid has come in contact. Can it be 
that, as in the case of some Cryptogamics, there arc in these anoma¬ 
lous cases two kinds of cells present in the same organ, some with 
fertilizing matter, and others containing the rudiments of ovules, or 
of the embryo ? 

502. The subject of Embryogeny, or the development of the em¬ 
bryo in the seed, has attracted much attention of late, and numerous 
opinions have been advanced. There are discrepancies as to the 
contents of the ovule before impregnation; some maintaining that 
the cavity of the nucleus, or the embryo-sac alone, is developed 
before the pollen is applied ; others, that besides it there is a utricle, 
or vesicle, in its interior, which forms the first embryonic cell. The 
tubes in contact with the ovule are by some said to be derived from 
the pollen alone; by others, partly from the ovule itself; and by a 
third set, partly from the conducting tissue of the style. 

503. All modern physiologists believe in the formation of pollen- 
tubes, which were so ably demonstrated by Brown in Orchidacea; 
and Asclepiadacea;, and have subsequently been shown by Schleiden, 
Amici, Brongniart, Meyen, Mohl, Hofmeister, Tulasne, and others. 
These tubes, which vary in size, being often about 'tch in dia¬ 
meter, may be easily traced ia many instances, after the pollen has 
lain for a few hours on the stigma; for instance, in Crocus, Salvia, 
Colocasia odora, Gesnera, (Enotbera, and Antirrhinum (fig. 434 bis). 
In some instances the emission of tubes commences almost immedi¬ 
ately after the pollen has been applied to tlie stigma; in other cases, 
as in MirabiHs Jalapa, it takes from 24 to 36 hours. In the Larch, 
the tubes do not emerge for 35 days. When an ovary, style, and 
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Stigma are present, the tubes pass into 
(Sie case of naked ovules, as in 
Coniferse and Cycadacese, the pollen 
comes into direct contact with the 
foramen. The length to which the 
pollen-tubes extend is often very 
great. In Cereus grandiflorus, Mor- 
ren estimated that the tubes, when 
they reached the ovary, extended as 
far as 1150 times the diameter of the 
pollen-grain; in Crinum am.abile, 
Hassall says that they reach 1875 
times the diameter of the grain ; in 
Cleome speciosa, 2719 times; in 
Oxyanthus speciosus, 4489 times; 
and in Colohicum autumnalo, 9000 
times. The length of time which the 
pollen - tube takes to traverse the 
conducting tissues of the style in 
Angiosperms varies. In some Gym- 
nosperms a year elapses before the 
tube reaches the embryo-sac. 

504. The extent to which the 


the conducting tissue, while in 
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tubes penetrate, and the mode in 

which they give rise to the embryo, have been matters of dispute. 
Some maintain that the tubes formed by the intine proceed only 
to a certain extent down the style before rupturing to discharge the 
fovilla, so that the inlluence of the latter is subsequently conveyed 
to the ovule by the conducting tissue, and thus causes the formation 
of an embryo. Mirbel and Spach, from observations made on Grami- 
nesB, as Zea Mais, and on the Yew and other Coniferse, were led to 
support this view. They believe that the tube does not reach the 
ovule, that a primary utricle or vesicle (the first part of the embryo) 
exists in the embryo-sac, or cavity of the nucleus, before fertilization, 
and that the fovilla is the means of determining the future develop¬ 
ment of an embryo in it. This utricle is attached to the embryo by 
a cellular process, or suspensor. These observations are opposed to 
Scbleiden’s views, who, according to the opinions of their authors, 
was led into the error o/ confounding a cell of the ovule with the 
extremity of the pollen-tube. Giraud entertains the same opinion, 
founded on an examination of the ovule of Tropseolum majus. In 


Fi(t. 43 
Sttperflcl 

ducting «8Bue. Grains of ^llen attached to the surface of'tho stigma, the extIne haring 
been ruptured, and the intine protruded in the form of tubes, tp, tP, which pierce the interstleet 
between the superficial stigmatic c^ia 
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tills plant he traces the formation of the amniotic or embryo-sac, and 
primary utricle or germinal vesicle of the’ embryo, before impregna¬ 
tion, the latter being at first distinct from the sac, but subsequently 
attached to it by a siispensor; the fovilla is brought into contact with 
the outer surface of the embryo-sac, and the first trace of the embryo 
appears in the formation of a spherical body at the inferior extremity 
ofi the primary utricle,—this spherical body resulting from a peculiar 
process of nutrition, determined by the dynamic influence of the 
fovilla. Giraud also observed a lengthening of the primary utricle 
and of its snspensor, so as to protrude through the apex of the em¬ 
bryo-sac, the nucleus, and the foramen, tbrniing cells which partly 
communicate with the conducting tissue, and partly pass round the 
ovule within the carpellary cavity. By slight traction of this cellular 
process, the susponsor with the embryo may be drawm from the 
embryo-sac through the cxostomc. 

505. llartig thinks that in some cases where the pollen-tube 
cannot be traced directly downwards to the ovule, there is a series of 
cells, which, from their continuity, might be mistaken for it. In some 
recent observations on Campanula rotundifolia, Wilson appears to 
think that the pollen-tube is prolonged into the foramen of the ovule. 
Dickie has noticed, in Narthecium ossifragum, .and Euphrasia officinalis 
and Odontites, a cellular process proceeding npward.s from the ovule 
into the style, which he thinks may unite with the pollen-tube. 
Through Dr Dickie’s kindness, I have had an opportunity of seeing 
these ovule tubes, wliich appear to end in siiut extremities, and not to 
have a direct communication with the pollen-tubes. These tubes (less 
than Tjrk.j of au ineb in diameter) have been traced by him from the 
interior of the ernbryo-sac. They are probably derived from the 
embryo itself, which, in its early state, may send out tubular prolonga¬ 
tions similar to those of the spores of Cryptogamic plants. Tubular 
prolongations I’rom the ovule wore long ago noticed by Mirbel, and of 
late years by Griflitb and llartig. These authors, liowever, seem to 
differ from Dickie, in supposing that the tubes are derived from the 
embryo-sac, or some of the coverings of the ovule. 

501). Another, or what may be called a third view of impregnation, 
is, that the pollen-tube does not stop short in the style, but proceeds 
as far as the foramen of the ovule, enters it, and is applied to the 
embryo-sac. In tbe case of the klistleto, wbere there are no coverings 
of the ovule, and consequently no foramen, the pollen reaches the 
nucleus directly. Meyen, Amici, Mold, Mulder, and Hofmeister, are 
in favour of this theory. Meyen states, that after the pollen-tube 
becomes united to the ovule in the form of a cul de sac, the process of 
absorption goes on so as to allow the fovilla to reach the embryo-sac. 
Immediately thereafter, a development of colls takes place in the form 
of a beaded prolongation or suspensor, at the extremity of which the 
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embryo, in the form of a globular cell, is developed. The free com¬ 
munication between the pollen-tube and the embryo-sac ceases after 
a time; a constriction takes place by the formation of a diagonal 
septum, and the pollen-tube either shrivels or continues for some 
time adherent to the sac." 

507. Amici also believes that the pollen-tube is applied to the sac 
of the embryo. He observes in the nucleus a large cavity, which he 
has called the embryonic vesicle (fig. 43.5 c). In Gucurbita Pepo and 
Orchidaceae, he traces the tube to a certain depth into the nucleus, and 
he believes that the granular contents of the tube, which are accumu¬ 
lated at the extremity, are absorbed by the embryonic vesicle, so as 
to effect impregnation. Cells are then produced in the vesicle, com¬ 
mencing at the base, i.e. opposite to the part 
where the pollen-tube exeits its influence. The 
vesicle becomes full of granular matter; it then 
exhibits a contraction in the middle, the lower 
part becoming approj)riatcd to the embryo, and 
ibrming the true embryo-sac, while the upper 
part, in such plants as Orchis Morio and mascula, 
elongates upwards (fig. 435 c), ibrming a com¬ 
pound filament, composed of cells with fluid 
contents. This filament traverses in an inverse 
manner the course ibllowed by the pollen-tube, 
and passes into the interior of the placenta, being 
quite distinct from the pollen-tube, and probably 
connected in some way with the nutrition of the 

embryo, bometimes the pollen-tube remains after the embryo has 
multiplied its cells. Hartig thinks, that, in diilerent instances, the 
mode of impregqption is different. Thus he admits that the true 
pollen-tube comes into contact with the ovule in Conifersc, that in 
some Crucifer® the tubes in connection with the ovule are derived 
from the conducting tissue of the style, as maintained by Gasparrini, 
while, in certain Cupuhfera;, tubes proceed from some part of the 
ovule itself 

508. A fourth theory is, that the pollen-tube (fig. 436 p t), after 
reaching the ovule, enters the foramen, ex and en, and then penetrates 
the embryo-sac, es^ or pushes the sac before it, becoming thus enclosed 
m a reilection of it. This view was supported by Schleiden, Wydler, 
Scliacht, and Deecke. Schleiden made a very elaborate series of ob¬ 
servations on the embryo. According to him, the extremity of the 
pollen-tube did not enter the embryo-sac, but continued on the out¬ 
side of i*", pressing in the sac before it, and thus becoming surrounded 

l ip. 435. Ovnle of Orchis bqjiscuIh, illustrating Amici’s view of fertilization, o, Pnmme.' b, 

Gcundme. c, Lmbryo. e, Coiilenoid filament winch proceeds from the embryo towards the 

pl.tceul.i, and 18 independent of the pollen-tube. j ^ 
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by a double layer of it. The end of ^he pollen-tube (fig. 436 e) 
formed the germinal vesicle, in the interior of which nuclei and cells 

were produced, which ultimately gave 
origin to the embryo, surrounded by 
the endosperm or albumen which re¬ 
sults from the transformation of the 
contents of the embryo-sac. The end 
•of the pollen-tube within.the embryo- 
sac was then developed as the embryo, 
or a portion remained in the form of a 
suspensor, or suspensory filament, at¬ 
tached to the upper part of the sac. 

509. Wydler and others main¬ 
tained that there was no indentation 
of the sac, but that the tube entered 
it directly. Schleideu thought that 
this may be true in certain cases 
where the embryo-sac becomes elon¬ 
gated upwards, and the membrane becomes absorbed so as to allow the 
pollen-tube to penetrate into the interior. Schleiden thus looked 
upon the embryo as a foreign body entering from without, and sup¬ 
ported his views by cases of polyembryony in Conifer®, Cycadace®, 
Mistloto, Onion, &c., where the plurality of embryos, according to 
him, depended on more than one pollen-tube having entered the fora¬ 
men of the ovule.* Wilson adopted Schleiden’s views, from observa¬ 
tions made on Campanula rotundifolia. Tulasne, from examining 
the embryogeny of Veronica hederifolia, trijdiyllos, and prsecox, con¬ 
curs in Wydler’s views relative to the pollen-tube entering the em¬ 
bryo-sac. Griffith, from his researches on Viscum, Santalum, 
Osyris, and Loranthus, concludes, that the pollen-tube penetrates the 
embryo-sac or cavity, and passes through it longitudinally; and he 
seems to think that, in some cases, the embryo proceeds from cells 
developed from the end of the tube, Klotszch states that pollen-tubes 
may be seen entering the embryo-sac in Lavatera tremestris, Tobacco, 
and some Orchidace®, after the pollen has lain from twenty-four to 
thirty-six hours on the stigma. Hofmeister admits that the pollen- 
tube, in some cases where the embryo-sac is very delicate, pushes it 
inwards to a certain extent. 



Fig. 436.—Section of ovale to illustrate Schlelden'e view of fertilization, r, Raphe, c h* 
Cbalaza. Prlmlne <, Secundine. c a:, Exostome. € n, Endostomo. «, Nucleus. e^Eis*- 
hryo-saa p f, PoUen-tube. s, The embryo formed by the extremity of the pollen-tube. 

* Schleiden, einige Blicke auf die Entwickeluoprs-gcBclncbtc dcr Veget. Organism. See also 
Wydler, snr la formation de rEmbryon, Annnles des Sciences Noturclles, 2d series, zi 14a. 
Schscht, Entwlckelungs-geschichte dei Pflanzen-Embryou. Amsterdam, 1850. 
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510. Those who object to Schleideii’s views think that he mistook 
the primary utricle, or germinal vesicle, which exists in the em¬ 
bryo-sac before impregnation, for the end of the pollen-tube, and 
that the cellular filament attaching this to the embryo-sac is totally 
independent of the pollen-tube. Brown finds that, in the seed of 
Coniferous plants which have several embryos, there are semicylindrical 
corpuscles, three to six in number, which are arranged in a circle near 
the apex. In each of these is a distinct embryonal filament. These 
filaments frequently ramify, each of the ramifications terminating in an 
embryo. lie believes that these corpuscles are not foftned by the 
policn-tubes, and that the fact of the ramifications giving rise to rudi¬ 
mentary embiyos is opposed to Schleiden’s views. The corpuscles lie 
dormant for at least twelve months before being developed. In a 
female plant belonging to Cycadaceoe, another polyembryonous order 
of plants, Brown has noted the formation of corpuscles at a time when 
no male llowers were known to exist in the country. These cor¬ 
puscles may prob.ably be considered as analogous to embryo-sacs, or 
embryonal cavities, such as those in the Mistlcto. Henfrey states 
that in Conifers and Cyc.ads tlie pollen-grains are applied immediately 
to the micropyle of the ovule, which is a large opening; that they 
traverse the cells of the nucleus, and are brought into contact with 
the embryo-sac. From the cells within this sac corpuscles become 
developed consisting of a largo central cell, which, surrounded by four 
others, is accessible through a canal existing between them. The 
pollen-tube enters this canal, and impregnates the large central cell. 
From the central cell the embryonic body, or pro-embryo, and the 
suspensor, are produced. Each cell usually gives origin to four sus- 
pensors with an embryo at the extremity of each, but only one of 
these comes to maturity. 

511. Schleiden and his sujiporters appear now to have given up 
their views as to the end of the pollen-tube becoming the embryo. 
From carefully observing some experiments made by lladlkofer,* 
Schleiden has been led to believe that a germinal vesicle exists in the 
embryo-sac before impregnation, and that this is what he mistook 
for the extremity of the pollen-tube. 

512. It will thus be seen that physiologists have been divided in 
their views relative to this obscure subject; and when we consider 
the minuteness of the observations, and the high microscopic powers 
required, it is not a matter of surprise th.at there should be numerous 
sources of fallacy. All agree in the formation of pollen-tubes; these, 
according to some, end in the cellular tissue of the style; according 


* Radikofer, Die Befruclitnngsproceaa im Pflanzen-reicbe I-eipzlg, 1857- Also Ann. del 
Sciences Katarelles, toe sene, tom. v. 220. 
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to others, they reach the ovule; the influence of the fovilla is com- 
mnnicated to the ovule cither directly or indirectly; the first cells of 
the embryo, some maintain, are formed by the end of the pollen-tube 
directly, while others say indirectly; and a third party consider them 
as the result of changes induced by the action of the fovilla. 

513. The opinions which have been recently supported by Amici, 
Mohl, Karl Miiller, ITofmeister, and Tulasne, are those which .seem to 
rest on the best foundation, viz, that at the time of the opening of 
the flower the embryo-sac exists, and that, at its upper or' micropylar 
end, one or more germ-ce’ls or germinal vesicles are produced ; that 
the pollen-tubes pass down the style to the ovary into the foramen 
of the ovule, and come into contact with the embryo-sac, either at its 
apex or a little below it; then an imbibition of fluids takes place; one 
of the germ-ve.sicl«6 is fertilized, wdiile the others disappear; and the 
fertilized cell enlarges, acquires an ovate, cylindrical, or clavate form, 
and is finally developed as the embryo with its suspensor. 

514. The formation of the process called the suspensor is variously 
accounted for. Schlcidcn considers it as a part of the pollen-tube ; 
Amici thinks that it is part of tlie endjryo-sac prolonged upwards, 
forming a conforvoid filament (tig. 43.5 e); Mohl, Mirbcl, and Spach, 
maintain that the su-spensor is produced from the germinal vesicle, 
and therefore intimately united to the embryo, which is developed 
from the lowest cells of that vesicle; Dickie thinks that the suspensor 
may be a cord-like process sent out from the cellular embryo, reach¬ 
ing a certain degree of development, and sometimes sending off tubu¬ 
lar prolongations or filaments, as in Euphrasia and Orchidacea). The 
suspensefr is usually directed to the apex of the nucleus or the micro- 
pyle, and it is sometimes of great length. In Draba verna (fig. 485, 
2), Dickie says he observed in an embryo, of an inch long, a 
suspensor three times that length. In Gncluin, Griffith mentions a 
tortuous suspensor to 5 inches long, the wliole seed being only one 
inch long. 


_515. Taking a cornprehensive view of the whole subject, it may be 
said that the union ot two kinds of cells appears to be necessary for 
er 1 ization. In Cryptogarnic plants (his has been traced, particularly 
in certain cases of conjugation; where the two cells come into contact, 
n tubys fornied between them, and the contents of the one unites 
witli those of the other, giving rise to a germinating body. In 
Ihanerogamic plants, also, tl.ere are two cells with different contents 

fovilla, and the ovule with its 
the nnflen till/” f c brought into connection by means of 

either enters .the 

either direc'tlv K .1"*° contact with it, the union taking place 

fr' fiB cnifductin* remity, or indirectly by cellular prolongations 
fix riB conducting tissue, or from the ovull By this means the 
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formation of the embryo is determined, which commences as a cellular 
body or germinal vesicle, in the interior of which other cells are sub¬ 
sequently formed in a definite order of succession * 

516. The Prciaciion of Mrbeids—If the pollen of one species is 
employed to fertilize the ovules of another, the seed will often pro¬ 
duce ])lunts intermediate betwcf'u the two parents. These are termed 
/ii/biid.‘i, and arc analogous to mules in the animal kingdom. As a 
genenil rule, hybrids can only be produced between plants which are 
very nearly allied, as between the dilFerent species of the same genus, 
'flius, different species of Heath, Fuchsia, Cereus, Rhododendron, 
■'ind Azalea' readily inoculate each otlu-r, and produce interme¬ 
diate forms It is found, however, that many plants which seem to 
be nearly related do not hydiidize. Tims, hybrids are not met 
with between the Apple .and Pear, between th? Gooselierry and 
Currant, nor betweaa the Raspberry and Strawbeny. Tbe ovules of 
Fuclisia coccxnea, fertilized with tbe jioUen of Fuchsia fulgens, pro¬ 
duce plants Imviiig intermediate, torins between these two species. 
Some of tbe seedling jil.infs closely resemlile the one parent, and 
some the other, but tliey all partake more or less of the characters of 
each. By th'' e-vamination of the foliage, conclusions may be drawn 
as to what will bo the character of tbe flower. Mr. I'liwailes men¬ 
tions a case in wliich a .seed produced two plants extremely different 
in apjiearance and clmracter; one partaking ratlier of the character 
of Fuchsia fulgens, .and the other of Fuchsia coccinea. 

517. In the case of hybridization, there appeals to be a mi.xture of 
matters derived from the pollen-grain and the ovule, just like the 
mixture of two eiidocliromes in flowerlcss plants; and the nature of 
the liybrid depends on the preponderance of the one or other. Some 
have supposed that the pollcii-gr.ains require to he of the same form 
and dimension in order to admit of .artificial union taking place; but 
this is a mere conjecture. It is, liowevcr, requisite that, for successful 
liybiidizing, the pollen .«lioiikl be in a state of full maturity, and 
the .stigm.a perfect. Hybrids perform the same functions as their 
parents, but tliey do not peipetuate themselves by seed. They 
must be propagated by offsets or cuttings. If not absolutely sterile 
at first, they usually heeomc so in tlu* course of the second or third 


• For opinions ns to FinlirTolo. - • s.' ' •i'- , .. In Nova Mta Academ. CJPSav. Leopold 

CaioL Niituiffi Curios, lU'ovvii « : 1 ! • . j i - Orcliutaceae and Asclopladaccfc, in ttie 

Transactions of the Lmn^nn Sot lety for Ikti; Jiioneniart on the same suhjec^ in Annales des 
Sciences Nnturelles, 1st bones, loni \xiv , ISU. M- .''u on the Act of ImpiegnatloD. trwislalcd 
in Taylor’s Scientific Memoirs, vol. lli.; Ainici ^>u \» 1 -•.•omUuion de» Orchid6c8, in Annalcs ties 
Sciences NdtnrcUos, 3d senes, tom. vil ; Wilson on Tiopicolum m.iiu8, and Hairs of Campanula, 
London Journal of Botany, vol. li ; GiratKl rni Lmln \oloffy, In tlie Trausactloiisof the Edinhnvffh 
hotftulcal Society, and in tbo Annals of Natural History, vol v ; and on the UMile of 'rropajo- 
lum, m Llnnffian Tiaiisactiona vol xlx.; Henfrey and Di.-klc on Embryolojry, in the Annals of 
Natural History for Grtffitb on the Ovule of Santalum, Osyris, &c., in Llmiivan Transac¬ 
tions, \ol. XIX., also Notulw ad I’liintaR Asmtiras, Calcutta, 1847. Ilofmeistor, m Ann. d*>« Sc 
Nat , 30 senes, u 66, xi. 376, 4tli srriFs, lU. 200, Talasne, in Ann des Sc. Nut, 8d senes, xkSl * 
Muller, m Ann. des Sc. Nat., Sd senes, ix.33, Henfrey, Lmu. Trans, xxi 7. * 
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generation. Herbert mentions instances of hybrid Narcissuses, from 
which he attempted in vain to obtain seed. The cause of this sterility 
has not been determined. Some have referred it to an alteration in 
the pollen. Hybrids may be fertilized, however, by the pollen taken 
from one of the parents, and then the ofltpring assumes the characters 
of that parent. 

518. Hybrids are rarely produced naturally, as the stigma is more 
likely to be affected by the pollen of its own stamens than by that 
of other plants. In dioecious plants, however, this is not the case, 
and hence the reason, probably, of the numerous so-called species of 
Willows. Hybrids are constantly produced artificially, with the view 
of obtaining choice flowers and fruits, the plants being propagated 
afterwards by cutjings. In this way many beautiful Eoses, Azaleas, 
Ehododendrons, Pansies, Cactuses, Pchirgoniums, Fuchsias, Calceo¬ 
larias, Narcissuses, &c., have been obtained. By this process ot 
inoculation, and carefully selecting the parents, gardeners are enabled 
to increase the size of the flowers, to improve their colour, to render 
tender plants hardy, and to heighten the flavour of fruits. Herbert 
thinks, from what he saw in Amaryllides, that in hybrids the flowers 
and organs of reproduction partake of the characters of the female 
parent, while the fbliiige and habit, or the organs of vegetation, re¬ 
semble ibe male. 

519. This subject is important as connected with the origin and 
limitation of species. If, as some of the old authors believed, there 
were only a few species originally formed, and all the rest are the 
result of hybridization, there appears to be no limit to species, and no 
permanence in their characters. This, however, is not borne out by 
facts; the generally received opinion being, that types of all the 
species now in existence were originally placed on the globe, and that 
these have given origin to an offspring like themselves, capable of 
reproducing the species. Hybrids, on the other hand, are rare in a 
wild state, and they are seldom permanent and fertile. Even where 
they are so, there seems to be a tendency in the offspring to return 
to one or other of the oi iginal types from which they sprung. 

C.—Fkcit, ok tue Pistil akkived at Matukitt. 

520. After fertilization, various changes take place in the parts of 
the flower. Those more immediately concerned in the process, the 
anther and stigma, rapidly wither and decay, while the filaments and 
style often remain for some time; the floral envelopes also become 
dry, the petals fall, and the sepals are either deciduous, or remain 

f sistent in an altered form; the ovary becomes enlarged, forming 
pericarp around, and *«{xos-, fruit); and the ovules are 
eloped as the seeds containing the embryo-plant. The term fruit 
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is strictly applied to the mature pistil or ovary, with the seeds in its 
interior. But it often includes other parts of the flower, such as the 
bracts and floral envelopes. Thus, the fruit of the Hazel and Oah 
consists of the ovary and bracts and calyx ‘combined; that of the 
Apple, Pear, and Gooseberry, of the ovary and calyx; and that of 
the Pine-apple, of the ovaries and floral envelopes of several flowers 
combined. Fruits formed by the ovaries alone, as the Plum and the 
Grape, seem to be more liable to drop off and suffer from unfavourable 
weather, than those which have the calyx entering into their com¬ 
position, as the Gooseberry, the Melon, and the Apple. 

521. In 'general, the fruit is not ripened unless fertilization has 
been effected; but cases occur in which the fruit swells, and becomes 
to all appearance perfect, while no seeds are produced. Thus, there 
are seedless Oranges, Grapes, and Pine-apples.* When the seeds 
are abortive, it is common to sec the fruit wither and not come 
to maturity; but in the case of Bananas, Plantains, and Bread-fruit, 
the non-development of seeds seems to lead to a larger growth, and 
a greater succulence of the fruit. 

522. In order to comprehend the structure of the fruit, it is of great 
importance to study that of the ovary in the young state. It is in this 
way only that the changes occurring in the progress of growth can be 
determined. The fruit, like the ovary, may be formed of a single 
carpel, or of several. It may have one cell or cavity, then being uni¬ 
locular (unus, one, and loculus, box or cavity) ; or many, multilocular 


(multus, many), &c. The number and nature of the divisions 
on the number of carpels, and the extent to which their 
edges are folded inwards. The appearances presented by the 
ovary do not, however, always remain permanent in the fruit. 
Great changes arc observed to take place, not merely as regards 
the increased size of the ovary, its softening and hardening, 
but also in its internal structure, owing to the suppression, 
enlargement, or union of parts. In this way the parts of the 
fruit often become unsymmctrical, that is, not equal to, or some 
multiple of, the pints of the flower; and at times 
they are developed more in one direction than ^ ^ 

another, so as to assume an irregular appearance, 

In the Ash (fig. 437), an ovary with two cells, each raHilirt 
containing an ovule attached to a central placenta, S 

is changed into a unilocular fruit with one seed; '@1^ 

one ovule, I, having become abortive, and the other, 
g, gradually extending until the septum is pushed \ 
to one side, becoming united to the walls of the cell, 


depend 


Flff, 437.—Samara, or SamaroJd frait of Fraxinus oxyphylla 1. Entire, with Ita winff,«. 3. 
Lower portion cut transversely, to show thwt it consists of two locniamcnts; one of which, L la 
abortive, and i« reduced to a very small cavity, while tlio other is much enlarged, and filled witli 
a seed, g. 
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and the placenta appearing to be parietal. In the Oak and Hazel, an 
ovary with three cells, and two ovules in each, changes into a one- 
celled fruit with one seed. Similar changes take place in the Horse- 
chestnut, in which the remains of the abortive ovules are often seen in 
the ripe fruit. In the Coco-nut, a trilocular and triovular ovary is 
changed into a one-oelled, one-seeded fruit. This abortion may depend 
on the pressure caused by the development of certain ovules, or it may 
proceed from the influence of the pollen not being communicated to 
all the ovules. Again, by the growth of the placenta, or the folding 
inwards of parts of the ovary, divisions may take place in the fruit 
which did not e.xist in the ovary. In Pretrea Zanguebarica, a one- 
celled ovary is changed into a four-cc'lled fruit by the extension of the 
placenta. In Catliartocarpus Fistula (fig. 305), a one-cellcd ovary is 
changed into a fruit having each of its seeds in a separate cell, in con¬ 
sequence of spurious dissepiments being produced in a horizontal 
. manner, from the inner wall of the ovary after 
fertilization. In Tribulus terrestris, each cell of 
the ovary (fig. 438) has slight projections, c, on 
its walls, interposed between the ovules, c, which, 
'^0 when llie fruit is ripe, are seen to have formed dis- 
finct transverse divisions (fig. 430 c), or spurious 
dissei>inients, separating the seeds, g. In Astra- 
g.'iliis, the folding of the dorsal suture inwards con¬ 
verts a one-celled ovary into a two-celled fruit. 

523. The development of cellular or pulpy matter fre<iuently makes 
great changes in the fruit, and renders it diflicult to discover its forma¬ 
tion. In the Strawberry,tlieaxis becomessuco,nlent,and bears tbecarpels 
on its convex surface; in the Pose, there is a ileshy lining of the calyx 
(sometimes called a disk), which bears the carpels on its concave sur¬ 
face. In the Gooseberry, (jrape, Guava, Tomato, and Pomegranate, 
tile seeds nestle in pulp formed apjiartmtly by the placentas. In the 
Orange, the pulpy matter surroumlmg the seials is formed by succulent 
cells, which are jirodneed from the inner lining of the pericarp. 

524. The pistil, in its .siinjilest state, consists of a'carpel or folded 
leaf, with ovules at it.s margin, and the same thing will be found in 
tlie fruit, wbere the jiericarp, as in the Hean (fig. 440), represents the 
carpellary leaf, and the seeds correspond to tlie ovules. The pericarp 
consists usually of three layers; the external (fig. 440 c), or epicarp 
(tiri, upon, or on the outside, khoxoc, fruit), corresponding to the 
lower epidermis of the leaf; the middle (tig. 44t) m), or mesocarp 
(/ttijof, middle), lejaesenting the parenchyma of the leaf; and the 
internal (tig. 440 n), or emhmip {'iulov, within), equiv.ilent to the 

rj£r. <}38—Coll or loculnmont of the ov.tir of Tnhiilus toiTOstns, cut veitically, to show the 
connncnccment of the projoitions, c, honi ti.i' ptoic«, -wliich arc intoj'osed between the ovules, o. 

Fig 43!) —'J'Jic sanio In a nmluio stiite, s1i.)\> mg the transverse paititions, c, dividing the fruit 
into cavities, in one of which u seetl, <j, ts le!t 
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upper epidermis of tbe leaf, or the epithelium of the ovary. In some 
plants, as Colutea arborescens, the pericarp retains its leaf-like appear¬ 
ance, but in most cases it becomes altered both in 
consistence and in colour. Sometimes the three 
parts become blended together, as in the Nut; at \ 

other times, as in the Peach, they remain separ- 
able. In the latter fruit, the cpicarp is thickened 
by the addition of cells, and can t)e taken off in '||| 

the form of what is called the skin ; the mesocarp IjB 

becomes much developed, tbnning the flesh or H 

pulp, and hence has sometimes been called mrco- M 

carp flesh), while the endocarp becomes , ff 

hardened by the production of woody cells, and f 

forms the stunc or putavini (/mtavirn, a shell), im- six/ 

mediately covering the kernel or the seed. The ■*"’ 

same arrangement is seen in the fruit of the Cherry, Ajuicot, and 
Plum. In these c.ases, the mesocarp is the part of the fruit which is 
eaten. In the Almond, on the other hand, the seed is used as food, 
while the shell or endocarp, with its leathery covering or mesocaq), 
and its greenish epicarp, are i ejected. The pulpy matter found in the 
interior of fruits, such as the Cooselierry, Grajie, and Cathai tocarpus 
Pistula (fig. .’51)5), is formed from the placenta.s, and must not be con¬ 
founded with the, sarcocarp. 


525. In the Date, the epicar]) is the outer brownish skin, the pulpy 
matter is the niesocaip or sarcocarp, and the thin papery-like lining is 
the endocarp covering the hard seed. In the Pear and Apple, the 
outer skin or epicarp is composed of the epidermis of the calyx, com¬ 
bined with the ovary; the fleshy portion is the me.sooarp, formed by 
the cellular portion of the calyx and ovary; while the scaly layer, 
forming the w.alls of the seed-bearing cavities in the centre, is the 
endocarp. In the Jlcdlar (llg. 472), the endocarp becomes of a stony 
hardness. In the Melon, the epicarp and endwearp are very thin, 
while the mesocarp forms the bulk of the truit, varying in its texture 
and taste in the external and internal part. The rind of the Orange 
consists of epicarp and mesocarp, while the endocarp forms partitions 
in the interior, filled with pulpy cells. 

526. Thus, while normally the divisions of the fruit ought to indi¬ 
cate the number of the carpels composing it, and these carpels should 
each have three layers forming the walls, it is found that frequently 
the divisions of a multilocular fruit are atrophied or absorbed, in whole 
or in part, and the layers become confounded together, so that they 
appear to be one. Again, in fruits formed of several carpels, the 


Ftff 440 —Lower portion of the carpel or lep:ume of the Bean, Faha sativa, cut transvei'sely, to 
show the structure of the pci ic-irj). e, Fpicarp, or c.Menial cpidrrmis tn, Mchociui' n, Kndo- 
carp, s <J, Dorsal suture, s t\ Ventral suture, a, A seed situated at the upper puit of tlie sec¬ 
tion, aud cut also transversely. 
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endooarp and mesocarp are occasionally so much developed as to leave 
the epicarp only on the free dorsal face of the fruit, forming a covering 
which is wholly external, as in the Castor-oil plant. Euphorbia, and 
Mallow. Occasionally, the endocarp remains attached to the centre, 
forming cells, in which the seeds are placed, while the outer layer 
separates from it at certain points, and leaves a row of cavities in the 
substance of the pericarp itself. 

527. While in many fruits the calyx becomes incorporated with the 
pericarp, there are otnirs in which it is closely applied to the ovary, 
but still separable from it. Thus, in the fruit of Mirabilis Jalapa (fig. 
441, 1), when a section is made longitudinally (fig. 441, 2), the 
hardened calyx, e c, is observed distinct from the fruit, f, which is in 
this instance incorporated with the seed, but at once distinguished by 
its style, «. The same thing occurs in Spinacia or Spinach. Again, 
in the Yew (fig. 442), there is an external succulent covering, i c, 
formed by modified bracts, which here occupy the place of a pericarp, 
and surround the seed, g, which is naked, inasmuch as it is not con¬ 
tained in a true ovary with a style and stigma. 



441, 1 441, 2 


528. The part of the pericarp attached to the peduncle is called its 
base, and the part where the style or stigma existed is the apex. This 
latter is not always the mathematical apex. In Alchemilla, Labiate, 
and Boraginaceffi, it is at the base or side (figs. 400, 401, 402). The 
style sometimes remains in a hardened form, rendering the fruit apiau- 
late; at other times it falls off, leaving only traces of its existence. The 
presence of the style or stigma serves to distinguish certain single- 
seeded pericarps from seeds. 

529. As in the case of the carpel, so in the mature ovary formed 
of it, the edges unite towards the axis, and constitute the ventral suture 
(fig. 443 8 v), while the back, corresponding with the midrib, is the 

Fig, 441.—FroU of Mlrabilia Jalapa. 1. Entire. 2 Cut longitudinally, to show Its compoal* 
tlon. c c. Lower part of calyx hardened, and formlnR an outer envelope. /, The true tot, 
covered by tlie calyx. 'Fhc Integuments ot the fruit «ie incorporated with those of the seed, 
which has been also cut The fiuit is distinguished by the remains of the style, s, at the aplculus 
or summit 

Fig. 442.—Fruit of Taxus haccata, the Yevr. 6, Imbricated bracts at its base i c, Flesiiy 
^veiope taking the place of the pericaip. This envelope covers the seed, p, parti^y, leaving 
Hte apex naked. 
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dorsal sutxu-e (fig. 443 s d). . The inner suture in some fruits formed 
of a single carpel, as the Apricot and Bladder senna, 
is marked by a distinct furrow or depression, conse¬ 
quent on the folding inwards of the carpellary edges; 
and occasionally the outer or dorsal suture is also 
thus rendered distinctly visible. When the fiuit con¬ 
sists of several mature carpels, all meeting in the 
centre, and united together, then the dorsal suture 
also visible externally ; but in cases where the ti^lacen- 
tation is parietal or free central, then the edges of the 
separate carpels, being near the surface, may present 
also externally the marks of the ventral sutures. 

530. Where the sutures arc formed, there are usually two bundles 
of fibro-vascular tissue (lig. 443), one on each edge. The edges of the 
sutures are often so intimately united, as not to give way when the fruit 
is ripe. In this case it is cidlcd iiidcitisccnl (in, used in the sense of 
not, and cMiiscn, 1 open), as in the .4corn and Nut; at other 
times the fruit opens between the two vascular bundles, 
either at the vcntial or dorsal suture, so as to allow the 
seeds to escape, and then it is delascent (dchkeo, I open). 

By this dehiscence the pericarp becomes divided into dif¬ 
ferent pieces, which are denoniinatcd valves, the fruit being 
univalvular, hivalvular, or mullivah'iiltir, Ac., according as 
there are one, two, or many valves. These valves separate 
either completely or jiariially. In the latter case, the divi¬ 
sions may open in the form of teeth at the apex of the fruit, 
the dehiscence being optcilar, as in (laryophyllacea; (fig. 

444 v), or as partial slits of the ventral sutuie, when the 
carpels are only free at the apex, as in Saxitiages. 

531. indr-liiwciit FruitM are either dry, as the Nut, or fleshy, as 

the Cherry and Apple. They may be tbrmed of one or several car¬ 
pels ; and in the lornior case they usually contain only a single seed, 
which may become so incorporated with the pericarp as to appear to 
be naked. Such fruits are called pseudo-spermovs false, and 

seed), or false-seeded, and are well seen in the grain of Wheat. 
In such cases the presence of the style or stigma determines their true 
nature. 

532. I>«lii«ccnt Fruits, when composed of single carpels, may open 
by the ventral suture only, as in' the follicles of Pa^ony; by the dorsal 
suture only; or by both together, as in the legume of the Pea and 



FIff. 44.*} —A slnglo carpel of Hellelfonia fcctidwa after dehlacence s ff, Dorsjjl Biiture, a r. 
Ventral suture, llie carpel, when luature, oikjus on th*' ventral sutuie, oud fiuius the fiuIt 
denominated a follicle. 

Fig 444 -Ciiiisnlc or dry seei-ve-?fel of Corastium triv a'c after dpliisreure, c, re’-Bisfenl 
calyx, p, PencuiT) dividing at tlic apex, », into ten teeth, whicli uidicaie the aui.nnlt* of am 
many valves united behiw. 

N 
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Bean; in which cases the dehiscence is called sutwaL When composed 
of several united carpels, the valves may separate through the dissepi¬ 
ments, so that the fruit will be resolved into its ori^nal carpels, as in 
Rhododendron, Colchicum, &c. This dehiscence, in consequence of 
taking place through the lamellje of the septum, is called septicidal 
{septum and coedo, I cut) (figs. 445, 446). The valves may separate 
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from their commissure, or central line of union, carrying the placentas 
with them, or they may leave the latter in the centre, so as to form 

Fig. 445.—CapRwle of DigitallB parpurea at the moment of dehiscence, when the two cavities 
e c, separate by division of the septum, d so as to have the appearance of distinct carpels. At 
the are seen the seeds, g. 

Fig. 446.—Inferior portion of the same capsule cut transversely, to show the formation of the 
septum, d, formed by the two Inner faces of the carpels, ec. pp, Placentaries reflected end pro¬ 
jecting Into the anterior of the cavities, g. Seeds. 

Fig 447.—Capsule {tncoccous regma) of Ricinus communis, Castor-oil plant, at the moment of 
dehiscence. The three carpels or cocci, c c c, are separated from the axis, by which they were 
at flret united (see fig. 453), and which remains in a columnar form. These cocci begin to open 
by their dorsal suture, s, d. 

Fig, 44A—Cai^ule of Iris opening by locullddal dehiscence. 

Fig. 449.—Capsule of Hibiscus escnlentns, showing also locullddal ddulscence. e e e. Valves of 
Iho seed-vessel, e. Septum or partition, o, Seeda 

Fig. 460.—Capsule of Cedrela angustifolia, the valves of which, r r e, separate from the septa, 
c, c, by sepUflragal dehiscence- The separation takes place from above downwards, in such a 
manner that the axis, a, remains in the centre, with five projecting angles, corremonding to the 
septa, ft The seeds contained in the locolamenti 
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\rith the axis a column of a cylindrical, conical, or prismatic shape, 
which has received the designation of columella (fig. 447 c). The 
union between the edges of the carpels may be persistent, and they 
may dehisce by the dorsal suture, or through the back of the locuia- 
ments, as in the Lily and Iris (fig. 448). In this case the valves are 
formed by the halves of the cells, and the septa either remain united 
to the axis, or they separate from it, carrying the placentas with them 
(fig. 449), or leaving them in the centre. This dehiscence is hcalicidal 
{loculus, cell, and ceedo, I cut). Sometimes Ihe fruit opens by the 
dorsal suture, and at the same time the valves or walls of the ovaries 
separate from the septa (fig. 450), leaving them attached to the centre, 
as in Datura. This is called septifragal dehiscence {septum and frango, 
I break), and may be looked upon as a modification>of the loculicidal. 
The separation of the valves takes place either from above downwards 
(fig. 450), or from below upwards (fig. 451). 

533. Sometimes the axis is prolonged as far as the base of the 
styles, as in the Mallow (fig. 459), and Castor-oil plant (fig. 453), 
the carpels being united to it by their faces, and separating from it 



■without opening. In the Umbelliferse (fig. 454), the two carpels 
separate from the lower part of the axis, and remain attached to a 
prolongation of It, called a carpophore fruit, andpoMoi,! bear), 

fruit), which splits into two 

(fig. 454 a), and suspends them. Hence the name cremoearp 


havl'ibtbyvaIve**om belowvpwarfa ITclettors 

comprietagtt removed, to rtow 

ne axia. a, w wincit they are attached. This axis ends at tlie nolnt whpre the stvle la nro- 
a left attached to tlie axis, arourS which they are'ar^geS In 

“ f““J onrtace of the two carpels In front, d, is eiptMcd. 

t)m Elcinus communis, Cuslor-oll plant, cut vertically, to show 

between the carpels, and terminating by small cords or ftinlcull,/. which 

iri fleSy cal^JSiTyVEerl^"**^ »<maotmiod 
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I suspend), applied to this fruit. In Geraniacese, the axis is pro¬ 
longed beyond the carpels, forming a carpophore, to which the styles 
are attached, and the pericarps separate from below upwards, before 
dehiscing by their dorsal suture (fig. 455). Carpels of this kind are 
called cocci (xixxo;, seed, berry), and the fruit is said to be tricoccous, 
&c., according to the number of separate carpels. In the case of 
many Euphorbiacea?, as Hura crepitans, the cocci 
separate with great force and elasticity, the cells 
being called dmilient (dtssi/w, I burst). 

534. In the Siliqua, or fruit of Cruciferse, as 
AVallflower, (fig. 456), the valves separate from 
the base of the fruit, leaving a central replum, 
eft- frame, r. The replum is considered as being 
formed by parietal placentas, which remain attached 
to the libro-vascular line of the suture, the valves 
giving way on either side of the suture. In Or- 
chidacea; (fig. 457), the pericarp, when ripe, separates into three 
valves, by giving way only on the margins within the sutures, where ■ 
the placentas are united ; and when the valves fall oflf, the placentas 




are left in the form of three arched repla, or frames, to which the 
seeds are attached. In the case of a free central placenta, when the 
valves separate, it is sometimes difficult to tell whether the dehiscence 


Fit? 454.—Fruit or cremooarp of Prantros ulnpterti, an mnbelliforotiR plant The carpels, 
tncucaips, or achaenla, c c, separate fiom tlie a\i.s a, and arc each suspended by a carpophore. 
ss, PerBlsteut atyles with fivsollen bases fonniii;? uu ojngynous disk. 

Fig. 456 —Fruit or mature caniel of (ierunium s tnguineuui. c. Persistent calyx, o, Axis 
prolonged aa a beak. 11, The styles at hist united to the beak, and uftenvards separatlim fixim 
below upwards, olong with the cal^)els, o o, wlntli dclilsco by thciv doii>al suture, s, Stigmas. 
The fiTilt is sometimes called gynobasic 

Fig. 450.—Siliqua of Cheiranthus Cheiri, ‘Wallflower, dehiscing by two valves, r v, which 
septate from a frame or replum, r. cr. Seeds ari-aiigcd on either margin. «, Two-lobed stigma. 

^7.— Gapi^e of Oreiili maculata at the period of dohisccncc c, Remains of the limb<Pf 
thrfolyx crowning the fruit o v. Segments of the pei icarp which are detached in the fynn t»f 
*irglves. pp, Arched repla or placentas which lemum persistent, and bear the s -eda 
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IS septicidal or loculicidal, inasmuch as there are no dissepiments, 
and the placentas and seeds form a column in the axis. Their 
number, as well as then" alternation or opposition, as compared with 
the sepals, will aid in determining whether the valves are the entire 
carpellary leaves, as in septicidal dehiscence, or only halves united, as 
in loculicidal. In some instances, as in Linum catharticum,*fche fruit 


opens first by loculicidal de¬ 
hiscence, and afterwards the 
carpels separate in a septicidal 
manner. 

535. Another mode in which 
fruits open is transversely, the 
dehiscence in this case being 
called circuniscissile (circum, 
around, and scindo, I cut). In 
such casc.s, the fruit or secd-ve.s- 
sel may besupposed to be formed 
by a number of articulated 
leaves like those of the Orange, 
the division taking place where 




the lamina) join the petioles. 


In this dehiscence, the upper part of the tinited valves falls oiF in the 


form of a lid or operculum, as in Anagallis (fig. 458), and in Hyos- 
cyamus (fig. 459), and hence the fruit i.s often denominated operculate 
{operculum, a lid). In some instances the axis seems to be prolonged 
in the form of a hollow cup, and the valves appear as leaves united to 
it by articulation, similar to wdiat occurs in the calyx of Eschscholtzia. 
In Lecythis, or the Monkey-pot, and in Couratari, the calyx is ad¬ 
herent to the seed-vessel, and the lid is formed at the place where the 
tube of the calyx ceases to be adherent. 


536. Transverse divisions take place occasionally in fruits formed 
by a single carpel, as in the pods of some leguminous plants. Ex¬ 
amples are met with in Oraithopus, lledysarum, (fig. 460), Coronilla, 
&c., in which each seed is contained in a separate division, the par¬ 
titions being formed by the folding in of the sides of the pericarp, 
and distinct separations taking place at these partitions, by wdiat has 
been termed eoluhility. Some look upon these pods as formed by 
pinnate leaves folded, and the divisions as indicating the points where 


ofAnngallls arvensls, opening by cimnnsclpsne dehiscenee. 
tf, 1 orslstent calyx, p, Pencaii> divided into two, the upper part, o, in f*io form of h 

jIu oroper^luTn. On the cajisule are seen tlirec lines passingfrom ih' l j - n» }■’! apex, and 
marking the true valves g. Seeds forming a globular inasa round a central placenta. 

riff. 459.—Operculate capsule or Pyxldiuin of HyoscyamuB nicer, Uculiune o. Operculum or 
Ud separating and allowing the seeds to appear. 

Fig. 460.—Lojnentaceous legume or lornent^ of lledysarum coronarium. 3. Entire, the 
iwpci division being nearly detached from the rest 2. Two of the joints cut longitudlnidlv tti 
show the spurious locnlamcnts, each containing a seed This seed-veisscl divides into separate 
single-seeded portions by solubility. 
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the dLSerent pairs of pinnse are united. Others do not admit this 
explanation, but regard the legume or pod as formed by the expanded 
midrib or petiole, and the pinnae as represented by the seeds. De¬ 
hiscence may also be effected by partial openings in the pericarp, 
called yjores, which are situated either at the apex, base, or side. In 

the Poppy (fig. 409), the opening takes 
place by numerous pores under the 
peltate processes bearing the stigmas. 
In Campanulas, there are irregular 
openings towards the middle or base 
(fig. 461 (), which pierce both the 
pericarp and the adherent calyx. In 
Frogsmouth (fig. 462) or Snapdragon, 
the pericarp gives way at certain 
fixed points, forming two or three 
orifices, one of which corre.sponds to 
the upper carpel, and the other to the 
lower. These orifices have a ragged 
appearance at the margins, which has given rise to the name mpluring, 
as applied to this mode of dehiscence. 

537. Cnrpoiogy. —Much has been done of late in the study of car- 
pology (waftrof, fruit, and xdyof, discourse), or the formation of the 
fruit; but much still remains to bo done ere the terminology of this 
department is cuin])lete. Many classifications of fruits have been 
given, but they are confessedly imperfect, and unfortunately much 
confusion has arisen in consequence of the same names having been 
applied to different kinds of fruit. In many cases, therefore, it is 
necessary to give a description of a fruit in place of using any single 
term. There are, however, some names in general use, and others 
which have been carefully defined, to which it is necessary to direct 
attention. 

638. Fruits may be formed by one flower, or they may be the 
product of several flowers combined. In the former case, they are 
either apocarpous (axo, separate, and fruit), or dkdi/carpous 

(iint'hva, I dissolve, or separate), that is, comjioscd of one mature car¬ 
pel, or of several sejiarate free carjiels; or stjnearpous (non, together), 
that is, composed of several carpels, more or less completely united. 
These different kinds of fruits may be indehiscent (not opening), or 
dehiscent (opening). When the fruit is composed of the ovaries of 

FIff Can.'mle of Campanula pcrsidfolla, opening by boles or pores, i t, above the middle, 
c, Pi'TsIstent calyx, Inconiorjitud below wjtli tlie poricarj), p, and sepaidting above into five 
acute segmeutfl, in the midst of which is {« <*n tlie withered and plaited corolla In the form of 
Indnvlai, «. The holes pertonitc the walls ot the peuc.irp and tlic calyx. 

Fiff. CapRule of Antirrhinum majus, Froesmouth, after dehisc-ence «c. Persistent calyx, 

p, FeiicaiTi peiforated ncai the summit by tlnee holes, tt, two ot which corre'^pond to one of the 
loculauicntH, and one to the other. The apex of the capsule la acuminated by the remains ot the 
style, s. 
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several flowers united, it is usual to find the bracts and floral envelopes 
also joined with them, so as to form one mass; hence such fruits are 
called multiple or antkocarpous (auh;, flower, and Ka-giro;, fruit). The 
term simple is perhaps properly applied to fruits, which are formed by 
the ovary of a single flower, whether they are composed of one or 
several carpels, and whether these carpels are separate or combined. 
Simple fruits are hence sometimes denominated Monogynwcial (/iotot, 
one, yuKii, pistil, and o/’x/ou, habitation), as being formed by one gyoen- 
cium, while multiple fruits are called pohjgyneecial (voKi/i, many) as 
being formed by many gynoecia. 

Fruits which are the Produce of a Single Flower. 

539. Apoearpons Frails.— These fruits are formed out of one or 
several free carpels. They are either dry or succulent; the pericarp, 
in the former instance, remaining more or less foliaceous in its struc¬ 
ture, and sometimes becoming incorporated with the seed; in the 
latter, becoming thick and fleshy, or pulpy. Some of these do not 
opeu when ripe, but fall entire, the pericarp either decaying, and thus 
allowing the seeds ultimately to escape, as is common in fleshy fruits, 
or remaining united to the seed, and being ruptured irregularly when 
the young plant begins to grow; such fruits arc indehiscent. Other 
apocarpous fruits, when mature, open spontaneously to discharge the 
seeds, and are dehiscent. 

540. Imdchisccni Apocarpoas Fruit*, when formed of a single mature 

carpel, frequently contain only one seed, or are monospermous (gtoroi, 
one, and seed). In some instances there may have been only 

one ovule originally, in others two, one of which has become abortive. 

541. The Achcenium («, privative, and ^xh/a. I open), is a dry 
monospermous fruit, the pericarp of which is closely applied to the 
seed, but scfiarable from it (fig. 

463). It may be solitary/, form- j. 

ing a single fruit, as in the 
Cashew (fig. 227 a), where it 
is supported on a fleshy pe- if . 
duncle, p; or aggregate, as in JB. f.Jt- 
Ranunculns (fig. 464), where ^ 

several achaenia are placed on 
a common elevated receptacle. 463 464 

In the Strawberry, the achaiula 

are placed on a convex succulent receptacle. In the Rose, they are 
supported on a concave receptacle, covered by the calycine tube (fig. 

Fig 463 —AchflBnium or indehiscent raonosperous carpel from the pistil of a Ranunculus. 

Fig. 4G4.—1. Similar achamium, with rough points on the pericari>, from the pistil of Rontin- 
cuius muricatua, 2. Achfcuium cat transversely to slioiv tlic seed, n. not adherent to the 
parletea. 
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270), and in the Fig, they are placed inside the hollow peduncle or 
receptacle (fig. 246), which ultimately forms what is commonly called 
the fruit. In the Rose, the aggregate achaenia, with their general 
covering, are sometimes collectively called Qynarrliodim (kvup, a dog, 
and foJov, a rose, seen in the dog-rose). It will thus be remarked, 
that what in common language are called the seeds of the Strawberry, 
Rose, and Fig, are in reality carpels, which are distinguished from 
seeds by the presence of styles and stigmas. The styles occasionally 
remain attached to the achtenia, in the form of feathery appendages, 
as in Clemati.s, where they are called caudate {cauda, a tail). 

542. In Compositoe, the fruit which is sometimes called Cypsela 
(xv^pt'hn, a box), when ripe, is an aohmninm united with the tube of 
the calyx (fig. 279 t). The limb of the calyx in the Compositae some¬ 
times becomes pappose, and remains attached to the’fruit, as in 
Dandelion, 'J'histlcs, &c. (fig. 279 ?)• When the pericarp is thin, 
and appears like a bladder surrounding the seed, the acha;nium be¬ 
comes a Utricle, as in Amaranthaceae. This name is often given to fruits 
which difler from the acha;nium, in being composed of more than one 
carpel. When the pericarp is extended in the form of a winged aj)- 
pendago, a Samara (samcra, seed of Elm) or samarokl acJiccniuni is 
produced, as in the Ash (fig. 4.37), common Sycamore (fig. 465), and 
Iliraea (fig. 466). In these cases, there are usually two achania united, 



Flff. 4(!5.—Sceil-veasel of Acer r-.-.i’r.e.-aii-. i .lo.posed of two .samaras or wlntred mono- 
s-.rmi ^aOirnmr .^rn.. . a, ld*pci i..,! wing. /, Lower portion coueapoiidillg 

fiK Wi.-Samara taken from t)io fruit of fiirtca. t. Persistent stj le. I, Part corresponding to 
the loculament « o. M.-irgmuI wing m ulo. v ^ 

tiff 467 — C.iryopsis oi se'MliMeiciile, Ityo. 1. Entire. 2. Cut tiansveiaciy to show the seed 
aiiheieiit to tl’.f inuietes ot ttio jK-ncarp. 
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abortive. The Wing (fig. 465 a) is formed by the carpel, and is either 
dorsal, i.e. a prolongation from the median vein (fig. 465 a), or margined, 
tliat is, formed by the lateral veins (fig. 466 a). It surrounds the fruit 
longitudinally in the Elm. When the pericarp becomes so incorporated 
with the seed as to be inseparable from it, as in Grains of Wheat, Maize, 
Rye (fig. 467), and other grasses, then the name Caryopsis {KUf>vx, a 
nut, and appearance) is given. 

543. There are some fruits which consist of two or more achmnia, 
at first united together, but which separate when ripe. Of this nature 
is the fruit of the Tropaiolum or Indian Cress, also that of Labiataj 
and I5oraginacea3, which is formed of four acha;nia attached to the 
axis (fig. 4P2), whence the common style appears to proceed. Some 
of these arc occasionally abortive. In the ripe state the pericarp 
separates from the seed in these cases; and thus there is a transition 
from indehiscent aehienia to single-seeded dehiscent pericarps. So 
also the Cremocarp to suspend), or the fruit of Umbelliferte 

(fig. 454), which is comjiosed of two achsenia united by a commissure 
to a common axis or carpophore fruit, and I bear), 

from which they are suspended at maturity. It is sometimes deno¬ 
minated diacliimiuvi (oi;, twice), from the union of two achteuia, which 
in this instance receive the name of mericarps part), or hemicarps 

half, and fruit). 

541. The Nnt or Gians. This is a one-celled fruit with a hardened 
pericarp, surrounded by bracts at the base, and, when mature, con¬ 
taining only one seed. In the }'oung state, the ovary contains two or 
mure ovules, but only one comes to maturity. It is illustrated by the 
fruit of the Hazel and Chestnut, which are covered by leafy appendages, 
in the form of a hush, and by the Acorn, in which the leaves or bracts 
are united so as to form a cupula or cup (fig. 257). The parts of the 
pericaqi of the Nut are united so as to appear one. In Sagus, or the 
Sago Palm, it is covered by peculiar closely applied scales, giving 
the appearance of a cone. 

545. The Jhvpe {druper., unripe olives). This is a succulent fruit 
covered by a pericarp, consisting of epicarp, mesocarp, and endocarp; 
and when mature, containing a single seed. This term is applied to 
such fruits as the Cherry, Peach, Plum, Apricot, Mango, Walnut, 
Nutmeg, and Date. The endocarp is usually hard, forming the stono 
of the fruit, which encloses the kernel or seed. The mesocarp is 
generally pulpy and succulent, so as to be truly a sarcocarp (Peach), 
but it is sometimes of a tough texture, as in the Almond, .and .at other 
times more or less fibrous. There is thus a transition from the Drupe 
to the Nut. Moreover, in the Almond, there are often two ovules 
formed, only one of which comes to perfection. In the Walnut, the 
endocarp, which is easily separable into two, forms prolongations which 
enter into the interior, and cause a remarkable division in the seed. 
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It has Jjeen sometimes called Tryma. In the Easpberry 3nd Bramble, 
several small drupes or drupels are aggregated so as to constitute an 
EUsrto (tra/jof, a companion). 

546. isehiiicent Apocarpoaft Frails. —^These opcu in various ways, 
and usually contain more than one seed, being either few-seeded, 
oligospermous (IXlyoi, few, and a seed), or many-seeded,po/j/- 

spermotts {roXuf, many). 

547. Follicle (folliculus, a little bag). This is a mature 
carpel, containing several seeds, and opening by the ventral 
suture (tigs. 443, 4()8). It is rare to meet with a solitary 
follicle forming the fruit. There are usually several aggre¬ 
gated together, either in a circular manner on a shortened 
receptacle, as in Hellebore, Aconite, Delphinium, and Ascle- 
piadacea;; or in a spiral manner on an elongated receptacle, 
as in ^Magnolias, Banksias, and Liriodendron (fig. 306). 
Occasionally, as in Magnolia grandiflora, some of the lullicles 
open by the dorsal suture. 

The Legunte vt Tod (legiimen, pulse) is a solitary, simple, ma¬ 
ture carpel, dehiscing 
by the ventral and dor¬ 
sal suture, and bearing 
seeds on the former. It 
characterizes legumin-. 
ous plants, and is seen 
in the Bean and Pea 
(fig. 409). In the Blad¬ 
der-senna (fig. 470) it 
retains, its leaf-like ap¬ 
pearance, and forms an 
inflated legume. In 
some Leguminosse, as 
Arachis, the fruit must 
be considered a legume, 
although it does not 
dehisce. In place of 
opening at the sutures, 
some legumes are con¬ 
tracted at intervals, so 



FIr 468 —Follicle or delilsccnt maiiy-seoded carpel of Aqnllegla TOlgaria, Columlilno. Tlia 
follicle dehisces by the ventjal suture only. 

Fig. 46.9.—Legume of Pisum sativum, common Pea, opened. It is formed by a single carpel, 
and dehisces ^ the ventral and doisal autuic. t» v, Valves formed by the two parts of the 
nerlcarp. p, Tiie ejiicarp or extemul layer of the pericar]) p', Endocarp or internal layer. 
Between these the mesocarp is situated. (7, Seeds placed one over the other, attached to the 
placenta by short ftmiculi or cords, f/. Tlic placenta forms a narrow line along ventral 
suture, sc. s cf, Tlie dorsal suture corresponding to tlie midrib of the carpellary leaf. 

Fig. 470.— Legume of filadder-semia (Coluiea ariforesceru), showing on iudated, foUaceoQi 
pericarp. 
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as to include each seed in a separate cell, and when ripe, the dlflcrent 
divisions of the pod separate from each other. This constitutes the 
Lomntum (lomentum, bean-meal), or lomeniaceous 
legume of Hedyseaum coronarium (fig. 460X Coronillas, 

Ornithopus, &c. In Medicago, the legume is twisted 
like a snail (fig. 471), and in Cmsalpinia coriaria, or 
Divi-divi, it is vermiform or curved like a worm; in 
Carmichaelia, the valves give vfay close to the suture, 
and separate from it, leaving a division. 

519. Syncarpon* Frnlu are formed by several car¬ 
pels, which are so united together as to appear one in 
their mature state. These fruits are either dry or 
succulent; in the former case, being usually dehiscent, 
in the latter, indehiscent. 

550. indchtsccni ityncarpous Fruiu.— The Berry (baccd) is a' succu¬ 
lent fruit, in which the seeds are immersed in a pulpy mass, formed 
by the placentas. The name is usually given to such fruits as the 
Gooseberry and Currant, in which the calyx is adherent to the ovary, 
and the placentas are parietal, the seeds being ultimately detached 
from the placenta, and lying loose in the pulp. Others have applied 
it also to those in which the ovary is free, as in the Grape, Potato, and 
Ardisia, and the placentas central or free central. The latter might 
be separated under th& name Uva (grape). In general, the mime of 
haccaie or berried is applied to all pulpy fruits. In the Pomegranate 
there is a peculiar baccate many-celled fruit, having a tough rind 
formed by the calyx, enclosing two rows of carpels placed above each 
other. The seeds are immersed in pulp, and are attached irregularly 
to the parietes, base, and centre. The fruit has been called Balausta 
(balauetium, flower of pomegranate), and the tough rind is called 
mulicorium (a name applied to it by Pliny). 

551. The Pepo or Peponida {Trivuv, a pumpkin), is illustrated by 
the fruit of the Gourd,. Melon, and other Cucurbitacese, where the 
calyx is adherent, the rind is thick and fleshy, and there are three or 
more seed-bearing parietal placentas, either surrounding a central 
cavity, or sending prolongations inwards. The fruit of the Papaw 
resembles the Pepo, but the ovary is not adherent to the calyx. 

562. The Ilcspendiurn (golden fruit in the garden of Ilesperides) is 
the name given to the fruit of the Orange, &c., in which the epicarp 
and mesocarp form a separable rind, and the endocarp sends prolonga¬ 
tions inwards, forming triangular divisions, in which pulpy cells are 
developed so as to surround the seeds which are attached to the inner 
angle. Both Pepo and Hesperidium may be considered as modifica¬ 
tions of the Berry. 

553, The Pome {pomum, an apple) seen in the Apple, Pear, Quince, 

Fig. 47l.--TwI}>ted or spiral legume of Medicago, 
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&c., is a fleshy fruit with the calyx adherent, and forming along witli 
the epicarp and mesocarp a thick cellular mass, which is eatable, while 
tlfe endocarp is scaly or horny, and forms separate cells enclosing the 
seeds. The covering of the cells is sometimes stoily, as in the Medlar 
(fig. 472), and the Holly, forming what- has been called a Nuculmium 
(nucula, a nut). In the Aledlar, the stony endocarps are called pyrenw 
the stone of the fruit). In Cornus mas (fig. 473), there are 




two stony cells, «, surrounded by the fleshy epicarp and mesocarp, and 
as they are close together, and one is often abortive (fig. 473 2 I), 
there is a direct transition to the Drupe. 

554. I>elil»rent Sjiit-ni-poai* Fruits. —The CgpsiiJc {capsula, a little 
chest). This n.amc is applied generally to all dry syncarpous fruits, 
which open by valves or pores. The valvuhir caj)sulc is observed in 
Digitalis (fig. 445), Hibiscus esculentus (fig. 449), Cedrcla angustifolia 
(fig. 450), Mahogany (fig. 451), and Cera.stium viscosum (fig. 444). 
llie porous capsule is seen in the Poppy, Antirrhinum majus (fig. 4G2), 
and Campanula persicifolia (fig. 461). Sometimes the capsule opens 
by a lid, or by circumscissile dehiscence, and it is then ctilled a 
Pyxidium (pyxis, a, box), as in Anagallis arvensis (fig. 458), Henbane 
(fig. 459), and Locythis. The capsule assumes a spiral form in the 
Helicteres, and a .star-like or stelhite form in Illioium anisatum. In 
certain instances, the cells of the ciipsule separate from each other, and 
open with elasticity to scatter the seeds. This kind of capsule is met 
w’ith in Hura crepitans, and other Eufdiorbiaceae, where the cocci, con¬ 
taining each a single seed, burst asunder with force (fig. 453); and in 
(xeraniacofc, where the cocci, each containing, when mature, usually 
one seed, separate from the carpophore, and become curved upwards 


Fig 472 —>rmt of common (MegptJus permntina) Transverse section shnwinp it, opi- 

enrp s, Sdrcocar]!. n, hudorarp, lonmn^f r‘ivt*’-n::c of the seeds Tlie froit has been 
called imculanmni, and ilie haid central cells \ \d m.- Im ilie medlar, us well as in Ibc apple, 
pear, and qainre, the fruit mav be considered’as eompoaed of stony or parcbiuenWiko follicles, 
covertd bv a pulpy disk winch lines the calyx 

473—r'lnut of Cornus mas. eomnion Cornel 1 Transverse section detaching the upper 
half it{ the fleshy portion, s, so as to show the centrsd kernel, «. 3 Transverse section of the 
fruit throu',di the central portion, ft. sliowiii" that it consisted of two loeulunients. One of the 
lorulumcnls emjtly, the other containing a seed, - 7 . 
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by their adherent styles (fip;. 455). In the former case, the'fruit 
collectively has been called Regwa a rupture). 

555. The Siliqua {siliqua, a husk or pod) (fig. 456), may be con¬ 
sidered as a variety of the capsule, opening by two valves; these are 
detached from below upwards, close to the sutures, bearing thin 
parietal placentas, which are united together by a prolongation called 
a replum, or spurious dissepiment, dividing the fruit into two. The 
seeds are attached on either side of the replum, either in one row or 
in two When tlfe fruit is long and narrow, it is called Siliqua; when 
broad and short, it is called Si/icula. It occurs in cruciferous plants, 
as WaJlllower, Cabbages, Cresses, &c. The siliipia may be considered 
as formed of two carpels, and two j)arletal placentas united together 
so as to form a two-celled seed-vessel. Some say that in its normal 
state it consists of four carpels, .and that two of these are abortive. 
There are four bundles of vessels in it, one corresponding to each' 
valve, which may be called valvular orpaicarpial, and others running 
along the edge called placental. The replum consists of two lamelhe.' 
It sometimes exhibits perfoiations, becoming fenestrate (^fenestra, a 
window). At other times its central portion is absorbed, so tliat the 
fruit becomes one-celled. 

Fruits which are the produce of several Flowers united. 

556. It sometimes happens that the ovaries of two flowers unit^ so 
as to form a double fruit. This may be seen in many species of 
Honeysuckle. But the fruits which arc now to be 
considered, consist usually of the fl^al envelopes, as 
well as the ovaries of several flowers united into one, 
and are called liliiltiple or J^nthocarpou.s. 

657. The Sorosis (nwfoV, a congeries or cluster) is 
a multiple fruit formed by a united spike of flowers, 
which becomes succulent. The fruit of the Pine- 
apple (fig. 474) is composed of numerous ovaries, 
floral envelopes, and bracts combined so as to form 
a succulent mass. The scales outside, c c, are the 
modified bracts and floral leaves, which, when the 
development of the fruit-bearing spike terminates, 
appear in the form of ordinary leaves, and constitute 
the crown,/. Other instances of a sorosis are the Bread-fruit and* 
Jack-fruit. Sometimes a fruit of this kind resembles that formed by 
a single flower, and a superficial observer might have some difficulty 
in marking the difference. Thus, the Strawberry, Mulberry, and 

Pilf. 474—Anthocarpons fhilt ofAnanassa sativo, Pine-apple. Axis boaiing numerous flowersi 
the ovaries of whlcli are coinbiued w ith the bracts, c c, to lunn the iiuit. /, Ci ow’n of the Piuo- 
ttpple, cousisting of empty bracts or floral leaves. 
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Easpberry appear to be very like each other, but they differ totally in 
their structure. The Strawberry and' Raspberry are each the produce 
of a single flower, the former being a succulent edible receptacle 
bearing achsenia on its convex surface; the latter being a collection of 
drupes placed on a conical unpalatable receptacle; while 
the Mulberry (fig. 475) is a sorosis formed by numerous 
flowers united together, the calyces becoming succulent, 
and investing the pericarps. 

558. Syconm (»Sxo», a fig,) is an antHocarpous fruit, in 
which the axis, or the extremity of the peduncle, is 
hollowed, so as to bear numerous flowers, all of which are 
united in one mass to form the fruit. The Fig (fig. 246) 
is of this nature, and'what are called its seeds are the 
achtenia or monospermal seed-vessels of the numerous flowers scattered 
through the pulpy hollowed axis. In Dorstenia (fig. 245), the axis is 
less deeply hollowed, and of a harder texture, the fruit exhibiting 
often very anomalous forms, 

559. Strobilus (or^s'/S/Xos, fir-cone) is a fruit-bearing spike more or 
less elongated, covered with scales, each of which represents a separate 

flower, and has two seeds at its 
base (fig. 476). The scales may be 
considered as bracts, or as flattened 
carpellary leaves, and the seeds are 
naked, as there is no true ovary 
present with its style or stigma. 
This fruit is seen in the cones of 
Firs, Spruces, Larches, Cedars, &c., 
%hich have received the name of 
Conifera;, or cone-bearing, on this 
account? The scales of the strobilus 
are sometimes thick and closely 
united, so as to form a more or 
less angular and rounded mass, as 
in the Cypress (fig. 477); while in 
the Juniper t^ey become fleshy, 
and are so incorporated as to form 
a globular fruit like a berry (fig, 
478), which has received the name of Galbulus {galbulus, nut of the 
cypress). In the Hop the fruit is called also a strobilus, but in it the 
scales are thin and membranous, and the seeds are not naked but are 
contained in pericarps. 

Fig. 4re —Anthocarpovs fruit of the Mulberry, formed by the tmlon of scverel floTora. * 

476 —Cone of rlnoe svlveetrls, Scotch fir, connetlng of nnmeroua bracts or floral learea, 
each of which covers two winged seeda These seeds are caUod naked, is consequence of not 
contained in an ovary, with a style or stigma. 

477.—Cone of Cupressus sempeiTirons, Cypress; one of the Gyxnnospennoiis or aued' 
jiieded plants, like the Pine. 

JFig. 47a—Succulent cone or Gdbulos of Juniperus macrocarpa. te4^ The different scale*or 
inlets UEdted so as to enclose the seeds. 
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660_Tabdlar Arbasoement of FRorrs. 

A. Simple Fruits formed from a single flower, and consisting of one or more Carpels 
either separate or combined; thus including Apocarpous, Aggregate, and 
Syncarpous Fruits. 

I. Indehiscent Pericarps. 

1. Usually containing a single seed: 

fAchmnium (Lithospermum). 

Separable from the seed. <Ma-icarp and Cremnearp in Umbellifer®, 

( and Cypmla in Compositte. 

Achasnia enclosed in fleshy tube of Calyx, Cytwrrhodum (Rose). 

Inseparable from the seed.Caryopsis (Grasses). 

Inflated .Utricle (Chenopodium). 

Having acupulatc involucmm.Gians (Acorn). 

Having winged appendages.Samara (Sycamore). 

Covered by a Pericarp, conslslmgof Epi-) (Cherry). 

carp, Sarcocarj), and Emlucarp.) ^ ^ ^ 

Drupe, with a two-valved Endocarp, having divisions extending lix)m its inaer 
surface, Tryma (Walnut), 

Aggregate Drupes, Etesrio (Raspberry). 

2. Containing two or more seeds: 

Ovary adherent to Calyx, Placenta parietal, attach-) 

ment of seeds lost when ripe.> 

- attachment permanent,^ 

rind thick and hard...^ 

Peculiar berried many-celled fruit, with two or more 

row'8 of Carpels.) 

Ovary not adJierent to Calyx, Placenta central. 

Placenta parietal. 


o' 


« s 




Dacca (Gooseberry). 
Pepo (Gourd). 

Balausta (Pomegranate^ 

,Uva (Grape). 

.Papaw fruit. 

Ilesperidium (Orange), 
Pomum (Apple). 
Nuculaniom (Medlar). 


Having a spongy separable rind, and separable) 

pulpy cells. 

o f Walls of cells or Endocarp homy, covered by a) 

•;3 ^ I fleshy Mesocarp and Epicarp'Or calycmcdisk,) 

^ O i Endocarp stony, covered by 

jQ L fleshy Mesocarp and Epicarp or calycine disk,) 

II. Dehiscent Pericarps. 

Opening by Ventral Suture only.Follicle (Paeony). 

Opening by Ventral and Dorsal Suture....Legume (Pea). 

Lomentum, a Legume separating into distinct pieces, each containing a seed 
(Oraithopus). 

Opmng by two valves which separate Irom a Central) SUiqua (Cabbage). 
Replum or Frame...| SUicula (Capsella). 

Opening by Transverse or Circumscissile Dehiscence....Pyxidium (Henbane). 

Opening by several valves or pores, without Ventral) ^ ^ n 

or Dorsal Sututo or Replum....!;..5 (P*PPy)- 

Capsule adherent to Calyx.Diplotegia (Cam^nula). 

A long pod-like Capsule.Ceratium (Glaucium). 

j^pening by separation of elastic Cocci.Regma (Hura). 
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B. Fruits formed by the union of several Flowers, and consisting of Floral Envdopes, 
as well as Ovaries; these are Multiple or Anthocarpous. 

Hollow Anthocarpous Fruit.—Syconus (Fig). 

fformed by Indurated Catkin.—Strobilus (Fir 

Convex Anthocarpous Fruit. < . o , . c t. ■ ,-r, ^ 

j formed by Succident Spike.—Sorosis (Bread- 

fruit 

7.—Matukatioh or the Pekicarp. 

561. After fertilization, the parts of the ovary begin to swell, the 
foramen of the ovule is more or less closed, the stigma becomes dry, 
and the style either withers and falls off, or remains attached as a 
hardened process or apiculum; while the embryo plant is developed 
in the ovule. If has been stated that fruits, such as Oranges and 
Grapes, are sometimes produced without seeds. It does not appear, 
therefore, necessary for the production of fruit in all cases, that the 
process of fertilization should be complete. In speaking of seedless 
Oranges, Dr. Bullar states that the thinness of the rind of a St. Michael 
Orange, and its freedom from pips, depend on the age of the tree. 
The young trees, when in full vigour, bear fruit with a thick pulpy 
rind and abundance of seeds; but .as the vigour of the plant declines, 
the peel becomes thinner, and the seeds gradually dimiuisb in number, 
till they disappear altogether. 

562. While the Iruit enlarges, the sap is drawn towards it, and a great 
exhaustion of the juices of the plant takes place. In Annuals this ex¬ 
haustion is such as to destroy the plants; but if they are prevented 
from bearing fruit, they may be made to live for two or more years. 
Perennials, by acquiring increased vigour, arc able better’to bear, the 
demand made upon them during fruiting. If large and highly- 
flavoured fruit is desired, it is of importance to allow an accumulation 
of sap to take place belbre the plant flowers. When a very young 
plant is permitted to bear fruit, it seldom brings it to perfection. When 
a plant produces fruit in very large quantities, gardeners are in the 
habit of thinning it early, in order that there may be an increased 
supply of sap to that which remains. In this way. Peaches, Nectarines, 
Apricots, &c., are rendered larger and better flavoured. When the 
fruiting is checked for one season, there is an accumulation of nutritive 
matter, which has a beneheial ellect on the subsequent crop. 

563. The pericarp is at first of a greeti colour, and periblfcs the 
same functions as the other green parts of plants, decomposing carbonic 
acid under the agency of light, and liberating oxygen. Saussure 
found by experiments tliat all fruit« in a green state [lerform this pro¬ 
cess of deoxidation. As the pericarp advances to maturity, it either 
becomes dry or succulent. In the former case, it changes into a brown 
or “ white colour, and has a quantity of ligneous matter deposited in 
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its substance, so as to acquire sometimes great hardness, when it is 
incapable of performing any active process of vegetable life; in the 
latter, it becomes fleshy in its texture, and assumes various bright 
tints, as red, yellow, &c. In fleshy fruits, however, there is frequently 
a deposition of ligneous cells in the endocarp, forming the stone of the 
fruit; and even in the substance of the pulpy matter or sarcocarp, 
there are found isolated cells of a similar nature, as in some varietias 
of Pear, where they cause a peculiar giittiness. I'he contents of the 
cells near the circumference of succulent fruits are thickened by 
exhalation, and a process of endosmose goes on, by which the thinner 
contents of the inner cells jiass outwards and thus cause swelling of 
the fruit. As the fruit advances to maturity, however, this exhalation 
diminishes, the water becoming free, and entering into new combina¬ 
tions. In all pulpy fruits which arc not green there are changes going 
on by which carbon is separated in combination with oxygen. 

564. Dry fruits may remain attached to the tree for some time 
before they are fully ripe, and ultimately separate hy disarticulation. 
Occasionally, wlien the jieticarp is thick, it sejiarates in layers hke 
the bark. Succulent fruits contain a large quantity of water, along 
with cellulose or lignine, sugar, gummy matter or dextrine, albumen, 
colouring matter, various organic acids, as citric, malic, and tartaric, 
combined with lime and alkaline substances, besides a pulpy gelatinous 
matter, whicli is converted by acids into pectine or pectose, whence 
pectic acid is formed by the action of albumen. Pectine is soluble 
in water, and exists in the pulp of fruits, as Apples, Pears, Goose- 
berrie.s, Currants, Kaspberries, Strawberries, &c. Pectic acid is said 
to consist of 2HO, C® H“ O"*. It is changed into a jelly-like matter 

a jelly); hence its use in making preserves. Each kind 
of ti’uit is llavoiiied with a peculiar aromatic substance. Starch is 
rarely present in the pericarp of the fruit, although it occurs commonly 
in the seed. In Plantains, Bananas, and Bread-fruit, however, 
especially when seedless, there is a consideraiile quantity of starchy 
matter, giving rise to mealiness when these fruits are prepared as fritters. 
Oily matters arc also found in the cellular tissue of many fruits. Thus, 
a fixed oil occurs in the Olive, and essential oils in the Orange, Lemon, 
Lime, Kue, Dictamnus, &c. 

565. During ripening, much of the water disappears, while the 
cellulose or lignine, and the dextrine, are converted into sugar. Berard 
is of opinion that the changes in fruits are caused by the action of the 
oxygen of the air. Fremy found that fruits covered with varnish did 
not ripen. As the process of ripening becomes perfected the acids 
combine with alkalies, and thus the acidity of the fruit diminishes, 
while its sweetness increases. Tlje formation of sugar is by some 
attributed to the action of organic acids on the vegetable constituents, 
gum,,dextrine, and starch ; otliers think that the cellulose and lignine 

N 2 
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are similarly changed by the action of acids. The sugar of fruits is 
grape or starch sugar, called also Glucose. Its formula is C“ 0“. 
In the Grape, when young, there is abundance of tartaric acid; but 
as the fruit advances to maturity, this combines with potash, so as to 
diminish the acidity. Certain fruits otve their aperient qualities to the 
saline matter which they contain. In seasons when there is little sun, 
and a great abundance of moisture, succulent fruits become watery, 
and lose their flavour. The same thing frequently takes place in young 
trees with abundance of sap, and in cases where a large supply of water 
has been given artificially. 

5Gfl. The following analysis of the Cherry in its unripe and ripe 
state, as given by Berard, exhibits generally the chemical composition 
of succulent fruits ;— 



Unripe. 

. 0 05 . 

Ripe. 


. 1 12 

18 1-2 


. r> 01 

. 3-23 


. 2--14 

. 1-12 


. 0 21 

. 0-57 


. 1*75 . 

2-01 


.. 0*14 . 

. 0-10 


..88 28 

.. 74’85 


100-00 

100-00 


The following table shows the ch.anges produced on the water, sugar, 
and cellulose, in 100 parts of unripe and ripe fruits:— 

Water. Supar. Cellulose. 



Umip •. 

Kipe. 

Unripe 

Jljpe. 

Unripo. 

JO pa 

Aprioft..,.. 

.. ..80-09 

74-87 . , 

0 04 

10 48 .. 

.... 3-Gl 

1 8G 

reach. 


8(1 24 ... 

0-03 

11-01 .. 

.... 3-01 

1-21 

(’homes. ... 

.88-28 

74-85 ... 

... 1-12 

18-12 . 

.... 2-44 

M2 

riums... .. 

. ...71-87 

71-10 ... 

... 17-71 

24 81 .. 

.... 1-26 

1-11 

Tears,,. 

.80 28 

83 88 ... 

... 6-45 

11-52 .. 

.... 3-80 

2-19 


5C7. It is not easy in all cases to determine the exact time when 
the fruit is ripe. In dry fruits, the period immediately before dehis¬ 
cence is considered as that of matiu'ation; but, in pnljiy fruits, there 
is much uncertainty. It is usual to say that edible fruits are ripe, 
when their ingredients are in sucb a state of combination as to give 
the most agreeable flavour. This occurs at dillcrcnt periods in different 
fruits. After succulent fruits are ripe in the ordinary sense, so as to 
be capable of being used for food, they undergo further changes, by 
the oxidation of their tissues, oven after being separated from the 
plant. In some cases, these changes improve the qualityof the fruit, 
as in the case of the Medlar, the austerity of which is thus still further 
diminished. In the Pe.ar, this process, called by Bindley bletliitg (from 
the rrench, blmi), renders it soft, but still fit for food, while in the 
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Apple, it causes a decay which acts injuriously on its qualities. By 
this process of oxidation, the whole fruit is ultimately reduced to a 
putrefactive mass, which probably acts beneficially in promoting the 
germination of the seeds when the fruit drops on the gronnd. 

568. The period of timj required for ripening the fruit, varies in 
different plants. Most plants ripen their fruit within a year from the 
time of the expansion of the flower. Some come to maturity in a few 
days, others require some months. Certain plants, as some Conifer®, 
require more than a year, and in the Metrosideros, the fruit remains 
attached to the branch for several years. The following is a general 
statement of the usual time required for the maturation of different 
kinds of fruit:— 


Grasses.13 to 45 days. 

Itepberry, Strawberry, t'horry. 2 months. 

' Bird-eherry, i.iine-trwe.3 — 

Koses, IVliite-thoni, Ilorse-clieslmit,..4 — 

Vine, Bear, Ajiple, lV,diiut, licerli, Phnn, Nut, Almond, 5 to 6 — 

Olive, Savin.7 — 

Cdlchicinn, Mhileto.Slo 9 — 

Many Coiiifera;.10 to 12 — 

Some Coml'era;, certain .species of Oak, Meti'o.sidcros, above 12 — 


The ripening of fruits may be accelerated by the application of heat, 
by placing dark-coloured bricks below it, and by removing a ring of 
bark so as to lead to an accumulation of s.ap. It has been observed 
that plants subjected to a high temperature not unlfequently prove 
abortive, which seems to re.sult from the over stimulation causing the 
production of unisexual flowers alone. Trees are sometimes made to 
produce fruit, by checking their roots when too luxuriant, and by 
preventing the excessive development of branches. 

569. Grafting. —A very important benefit is produced, both as re¬ 
gards the period of fruiting and the quality of the fruit, by the process 
ot grafting. This is accompli.shed by taking a young twig or scion, 
called a ffrq/l, and causing it to unite to a vigorous stem or stock, thus 
enabling it to derive a larger supply of nutritive matter than it could 
otherwise obtain, and chocking its vegetative powers. In place of a 
slip or cutting, a bud is sometimes taken. In order that grafting 
may be successfully performed, there must be an aflinity between the 
graft and the stock as regards their sap, &c. It has often been sup¬ 
posed that any kinds of plants may be grafted together, and instances 
are mentioned by Virgil and Pliny, whore different fruits are said to 
have been borne on the same stock. This was prob.ably produced by 
what the French call Grejj'e des charlatans ,— cutting down a tree within 
a short distance of the ground, and then hollowing out the stump, and 
planting within it several young trees of different species; in a few 
)''ars tiiey grow up together so as to fill up the cavity, and appear to 
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be one. The deception is kept up better, if some buds of the parent 
stock have been kept alive. Fortune gives an instance in the Pun- 
jaub of a Peach growing out of an old Mango tree about .six or eight 
feet froTii tlic ground. In this case the Peach had its roots in the 
ground, and had grown through the hollow stem of the Mango. 

570. The object which gardeners wish to secure by grafting, is the 
improveim.'nt of the kinds of fruit, the jterpetuation of good varieties, 
which could not be procured from seed, and the hastening of the period 
of the fruit-hearing Grafting a young twig on an older stock has 
the effect of making it flower earlier than it would otherwise do. The 
accumulation of sap in the old stock is made beneficial to the twig, 
and a check is given at the same time to its tendency to produce 
leaves. Although the general law is, that grafting can only take 
[ilace between plants, especially trees, of the same family, there are 
certain exceptions Loranlhaceous jiarasites can form a union with 
genera in din'crent orders. 

.571. Mr. Knight did much to improve fruits by grafting. He 
♦lelieved, however, that a graft would not live longer than the natural 
limit of life allowed to the tree from which it has been taken. In this 
way he endeavoured to account for the supposed e.xtiticlion of some 
valuable varieties of fruits, such as the Golden pippin, and many cider 
apples of the seventeenth century.* lie conceived that the only natural 
method of projiagating jilants was by seed. His views have not been 
confirmed by physiologists. Many jdaiits are undoubtedly propagated 
naturally by shoots, buds, tubers, &c., as well as by seed; and it is 
certain that the life of slips may be prolonged by various means, much 
beyond the usual limit of the life of the parent stock. The Sugar-cane 
is [U'op.igated naturally by the stem, the Strawberry by runners, the 
Couch-grass by creeping stems, Potatoes and .Jerusalem Artichokes by 
tubers, the Tiger-lily by bulblets, and Achimenes by scaly bodies, like 
tubers. The fruits, moreover, wdiich Mr. Knight thought had disap¬ 
peared, such as lied streak. Golden pippin, and Golden Harvey, still 
exist, and any feebleness that they exhibit does not appear to pftceed 
from old age, but seems to be owing to other causes, such us the nature 
of the soil, cold, violence, and mutilation. Vines have been transmitted 
by perpetual division from the time of the Komans. A slip taken 
from a Willow in Mr. Knight’s g.irden, pronounced by him as dying 
from old age, was planted in the Edinburgh Botanic Garden many 
ye.ars ago, and is now a vigorous tree, although the original stock has 
long since undergone decay. It is true, however, that a cutting taken 
from a specimen already exhausted by excessive development of its 
p.arts, will partake of the impaired vigour of its parent, and will possess 
less constitutional energy than that taken from a vigorous stock. 

572. In grafting, various methods have been adopted. One of these 

* See Knight's Hortlcu'tural Papers, Svo, London, 1841, p. 81. 
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is gracing by approach, or inarching, when two growing plants are 
united together, and after adhesion one is severed from its own stock, 
and left to grow on the other. This kind of adhesion sometimes takes 
place naturally in trees growing close together. It is well seen in a 
lir tree in the burying-ground at Killin. The branch of the same tree 
may also be bent, so as to become united to the stem at two points. 
This is often seen in the Ivy. The roots of contiguous trees occasion¬ 
ally unite by a process of grafting, and to this is attributed the con¬ 
tinued vigour of the stump of Spruce-trees cut down on the Swiss 
mountains. This natural grafting of roots has been observed in the 
White Pino {Abies peclinata), ami sometimes in the lied Pine {Abies 
Hjccelsa), as well as in the Scotch Fir {Finns s>/lveslris). • 

riTIl. The usual method of grafting is by scions or slips, which are 
ap])lied to the stock by a sloping surface, or are inserted into slits 
in it by cleft-grafting, or into perforations by ivimhlc or peg-grafting. 
Whip-graftmg or Invgue-grofiiing is performed by insertine a tongue 
or cleft process of the stock between the lips of a cut in the scion, 
Snlc-grajting resembles whip-grafting, but is performed on the side 
of the stock witliout heading it down. Sometimes several slips are 
placed in a circular manner round the inside of the bark of the stock 
by crenvn-grafting; or the bark of a portion of the stock is removed, 
and that of the scion is hollowed out, so as to be applied over it like 
the ])arls of a flute, hence called jlute-grafting. Budding is practised 
by the removal of a bud from one ])lant, along with the portion of 
the bark and now wood, and ajiplying it to another iilant, in which a 
•similar wound has been made. Grafting is usually performed between 
the woody parte of the jilants, but herbaceous parts mtiy also be 
united in this way. 'Ihc graft and stock are secured by clay, or by 
bee!-’-wax and tallow, or by Indian rubber, gutta percha, or collodion. 

574. By gr.afting, all our good varieties of apples have been pro¬ 
duced from the Crab Apple. The seeds of the cultivated apples, when 
.sown, produce plants winch have a tendency to revert to the original 
sour Crab. Grafted varieties can only be propagated by cuttings. 
The influence exercised by the stock is very marked, and it is of great 
importance to select good stocks on which to graft slips. In this way 
the fruit is often much improved by a process of ennobling, as it is 
called. The scion also seems in some cases to exercise a remarkable 
effect on the stock. Sli[is taken from varieties with variegated leaves, 
grafted on nou-variegated, have caused the leaves of the latter to 
assume variegation, and the effect, when once established, has con¬ 
tinued even after the slip was removed. The effects of grafting ore 
well seen in the case of the Red Laburnum, when united to the Yellow 
species. The Red Laburnum is a hybrid between the common Yellow 
Laburnum and Cytisus purpureus, or the Purple Laburnum. The 
branches below the graft produce the ordinary yellow laburnum 
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Bean; in whiob cases the dehiscence is called sutiwaL When composed 
of several united carpels, the valves may separate through tha dissepi¬ 
ments, so that the fruit will be resolved into its original carpels, as in 
Rhododendron, Colchicutn, &c. This dehiscence, in consequence of 
taking place through the lamellte of the septum, is called geptkidal 
{$eptum and c(edo, I cut) (figs. 445, 446). The valves may separate 
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from their commissure, or central line of union, carrying the placentas 
with them, or they may leave the latter in the centre, so as to form 


e /mtiBritc pnrpnrea at the moment of dehiscence, -when the two entitles 

the s^^m-o'wen* the seedsj^it® so as to liave the appearance of disUnct carpels, At 

the same capsnle ent transversely, to show the formation of tha 
septunif n, formod by tho two inner fbccs of the carpels, c c. ® j>. Plocentaries reflected and nm 
jocting Into the anterior of the cavitiea g, Seeda ^ ^ lacentaries rcncctea ana pro- 

’■‘’1''"“) of K'cmus commnnls. Castor-oil plant, at tho moment of 
1?.": ’ ' ' O’,”® “oparatedfrom tho axis, <i, by which they wore 
by^elr dm^^ratme j*d' vlifoU remains in a columnar form. These cocci begin to open 

Ilg. 44a-Cap5nle of iris opening by locnllcldal dehiscence. 

Pig. m-CapsnIe of Hibiscus e^lcntus, showing also locnllcldal dehiscence, nee. Valves of 
tliw seed-vessel, c. Septum or partition o', Seeds. coui 

w^ustlfoua, the V^ves of which, vtt, separate from the septa, 
^ dehiscence separation takes place ftwm above downwards, In snen a 

manner that the axis, u, remains in the centre, with five prolecting ansles. correspondinz to tha 
septa. The seeds contained In the loculamontSL “S toiresponoing w tna 
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■with the axis a column of a cjlindrical, conical, or prismatic shape, 
which has received the designation of columella (tig. 447 c). 1'he 
union between the edges of the carpels may be persistent, and they 
may dehisce by the dorsal suture, or through the back of the locula- 
ments, as in the Lily and Iris (fig. 448). In this case the valves are 
formed by the halves of the cells, and the septa either remain united 
to the axis, or they separate from it, carrying the placentas with them 
(fig. 449), or leaving them in the centre. This dehiscence is locultciclal 
{loculus, cell, and ceedo, I cut). Sometimes #ie fruit opens by the 
dorsal suture, and at the .s.ame time the valves or walls of the ovaries 
separate from the septa (fig. 450), leaving them attached to the centre, 
as in Datura. This is called scptifragal dehiscence (septum and frartgo, 
I break), and may be looked upon as a modificationof the loculicidal. 
The separation of the valves takes place either from above downwards 
(fig. 450), or from below upwards (fig. 451). 

533. Sometimes the axis is piolonged as far as the base of the 
styles, as in the Mallow (fig. 452), and Castor-oil plant (fig. 453), 
the carpels being united to it by their taces, and separating from it 
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without opening. In the Umbelliferse (fig. 454), the two carpels 
separate from the lower part of the axis, and remain attached to a 
prolongation of it, called a carpophore fruit, and po^sw,! bear), 

or podocarp (a-oSf, foot, and xci^voi, fruit), which splits into two 
(fig. 454 a), and suspends them. Hence the name cremocarp 

Fiff. 45!.—Capsule of Swietenla MaliaRoni, openisg by v^vesJ’roni below upwards. The letters 
Lave the siplfication as in fip. 450. 


a T^rtlclllatc manner The lateral surface of the two carjiels in front, &, is exposed. 

Fig. 453 — Tricoccoua ca{»ule of Ulcinus communis, Costor-oil ptont.cut vertically, to show 
the axis, a, prolonged between the carpels, and terminating by smi^ cords or ftinicuJi, /, which 
project into the loculaments, and are attached to seeds, go. Seeds exposed, each sormoantud 
by a fleshy caroncula, e. pp, Pericarp. 
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I suspend), applied to this fruit. In Geraniacese, the axis is pro¬ 
longed beyond the carpels, forming a carpophore, to which the styles 
are attached, and tlie pericarps separate from below upwards, before 
dehiscing by their dorsal suture (fig. 455). Carpels of this kind are 
called cocci (koxhoi, seed, berry), and the fruit is said to be tricoccovs, 
&c., according to the number of separate carpels. In the case of 
many Euphorbiacea, as Hura crepitans, the cocci 
separate with great force and elasticity, the cells 
being called dissilient {dissilio, I burst). 

534. In the Siliqua, or fruit of Cruciferse, as 
< Wallflower, (fig. 456), the valves separate from 
the base of the fruit, leaving a central replum, 
dt frame, r. The replum is considered as being 
formed by parietal jflacentas, which remain attached 
to the libro-vascular line of the suture, the valves 
giving way on either side of the suture. In Or- 
chidacea) (fig. 457), the pericarp, when ripe, separates into three 
valves, by giving way only on the margins within the sutures, where' 
the placentas are united; and when the valves fall off, the placentas 




are left in the form of three arched repla, or frames, to which the 
seeds are attached. In the case of a free central placenta, when the 
valves separate, it is sometimes difficult to tell whether the dehiscence 


Fiff 454.--Frult or cremocarp of Francos iiloptera, an umbelliferons plant. Tlie carpels, 
mencarns, orach®nia, rr, separate from tJi'‘ o, and are c<ich suspended by a carpophore. 
ss, I'erslstcnt styles with swollen bases, fomiinc uu opicynous disk. 

Fig. 4^—Fioiit or matuie carpel of Gcranuitn suigulncum. r. Persistent calyx, a, Axis 
prolonged as a beak. 11, The styles, at first unittsl to the healc, and jifterwards separating from ‘ 
below upwards, along with the cui pels, o o, wlmh dehisce by their doical suture, i, btigmaa. 
The fiuit Is sometimes cidled gjmobasic 


the^lyx crowning the fruit, ve, Segments of‘the peiicarp which ai*e'detached in tlie fgnn of 
T^vea pp^ Arch^ repla or placentas which remain persistent, and bear the s -eds 
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is septioidal or looulicidal, inasmuch as there are no dissepiments, 
and the placentas and seeds form a column in the axis. Their 
number, as well as their alternation or opposition, as compared with 
the sepals, will aid in determining whether the valves are the entire 
■carpellary leaves, as in septicidal dehiscence, or only halves united, as 
in loculicidal. In some instances, as in Linum catharticum.Wie Iruit 
opens first by loculicidal de¬ 
hiscence, and afterwards the 
carpels separate in a septicidal 
manner. 

535. Another mode in which 
fruits open is transversely, the 
dehiscence in this case being 
called cireumscissile (circum, 
around, and scinch, I cut). In 
such cases, the fruit or seed-ves¬ 
sel maybe supposed to be formed 
by a number of articulated 
leaves like those of the Orange, 
the division taking place where 
the lamina} join the petioles. 

In this dehiscence, the upper part of the united valves falls oflT in the 
form of a lid or operculum, as in Anagallis {fig. 458), and in llyos- 
cyamus (fig. 459), and hence the fruit is often denominated ojxrculate 
{operculum, a lid). In some instances the axis seems to be prolonged 
in the form of a liollow cup, and the valves appear as leaves united to 
it by articulation, similar to what occurs m the calyx of Eschscholtzia. 
In Lecythis, or the Monkey-pot, and in Couratari, the calyx is ad¬ 
herent to the seed-vessel, and the lid is formed at the place where the 
tube of the calyx ceases to he adherent. 

536. Transverse divisions take place occasionally in fruits formed 
by a single carpel, Jis in the pods of some leguminous plants. Ex¬ 
amples are met with in Ornithopus, lledysarum, (fig. 460), Coronilla, 
&c., in which each seed is contained in a separate division, the par¬ 
titions being formed by the folding in of the sides of the pericai-p, 
and distinct separations taking place at these partitions, by what has 
been termed solubilUy. Some look upon these pods as formed by 
pinnate leaves folded, and the divisions as indicating the points where 

Fig 4ft8-—Pyxidiam or capsule of Aiingollis an'ensls, opening by clroumscipsiJc dehiscence, 
f,^Persistent calyx.^j’t^Pericarp divided into two, the uppt'r part, o, scjiaratnig in the form of « 

lid separating and allowing tiie seeds to appear. * 

Fig. 460.—Lomentaceous legume or loinentum of nedysanim coronanum. 1. Entire, tlie 

r ci division being nearly detached from the rest 2. Two of the ionite rut longitudinally to 
the spurious loculaments, each containing a seed Iliis seed-vesst-'l divides into separate 
single-seeded portions by solubility. 
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the different pairs of pinn® are united. Others do not admit this 
explanation, but regard the legume or pod as formed by the expanded 
midrib or petiole, and the pinnee as represented by the seeds. De¬ 
hiscence may also be effected by partial openings in the pericarp, 
called pores, which are situated either at the apex, base, or side. In 

the Poppy (fig. 409), the opening takes 
place by numerous pores under the 
peltate processes bearing the stigmas. 
In Campanulas, there are irregular 
openings towards the middle or base 
{%. 461 t), which pierce both the 
pericarp and the adherent calyx. In 
Frogsmouth (fig. 462) or Snapdragon, 
the pericarp gives way at certain 
fixed points, forming two or three 
orifices, one of which corresponds to 
the upper carpel, and the other to the 
lower. These orifices have a ragged 
appearance at the margins, which has given rise to the name rupturing, 
as applied to this mode of dehiscence. 

537. Carpology. —Much has been done of late in the study of car- 
pology fruit, and Aoyo?, discourse), or the formation of the 

fruit; but much stilt remains to be done ere the terminology of this 
department is complete. Many classifications of fruits have been 
given, but they are confessedly imperfect, and unfortunately much 
confusion has arisen in consequence of the same names having been 
applied to different kinds of fruit. In many cases, therefore, it is 
necessary to give a description of a fruit in place of using any single 
term. There are, however, some names in general use, and others 
which have been carefully defined, to which it is necessity to direct 
attention. 

638. Fruits may be formed by one flower, or they may be the 
product of several flowers combined. In the former case, they are 
either apocarpous sejiarate, and xafrof, fruit), or dialgcarpoua 
I dissolve, or sejiarate), that is, composed of one mature car¬ 
pel, or of several sejiarate free carjiels; or si/ncarpous {avu, together), 
that is, composed of several carpels, more or less completely united. 
These different kinds of fruits may be indehiscent (not opening), or 
dehiscent (opening). When the fruit is composed of the ovaries of 

Fiff 461.—Capsule of Cauipaniila pcrsidfolla, opening by holes or pores, 1 1, above the middle, 
c, Pcislstent calyx, incoipoiatcd bolow with the pencaip, ji, and sejwiAtinj? above into five 
acute segincuts, in the inulst of which is smn the withered and plaited corolla in the form of 
inUuvijc, «. The holes poitorate the vails ot the pei ic.ii p and the calyx. 

Fig. 4tW.—Capsule of Antirrhinum majus, Jb icigsmouth, after dehiscence c e. Persistent calyx. 
/), Pericarp perforated iieai the summit by thiee holes, tt, two of which corre'-pond to one of the 
locnlnmeiits, and one to the other. Tiic apex of the capsule is acuminated by the remams ot the 
pe^^ont style, 4. 
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several flowers united, it is usual to find the bracts and floral envelopes 
also joined with them, so as to form one mass; hence such fruits are 
called muUiple or anthooarpous {£v6os, flower, and ^apwoV, fruit). The 
term simpk is perhaps properly applied to fruits, which are formed by 
the ovary of a single flower, whether they are composed of one or 
several carpels, and whether these carpels are separate or combined. 
Simple fruits are hence sometimes denominated Monogynmcial 
one, yuntj, pistil, and olxiov, habitation), as being formed by one gyosn- 
cium, while multiple fruits are called polygymecial (weXvg, many) as 
being formed by many gynoecia. 

Fruits which are Vie Produce of a Single Flower. 

539. Apotarpou* Fraiix.—These fruits are formed out of one or 
several free carpels. They are either dry or succulent; the pericarp, 
in the former instance, remaining more or less foliaceous in its struc¬ 
ture, and sometimes becoming incorporated with the seed; in the 
latter, becoming thick and fleshy, or pulpy. Some of these do not 
open when ripe, but fall entire, the j)ericarp either decaying, and thus 
allowing the seeds ultimately to escape, as is common in fleshy fruits, 
or remaining united to the seed, and being ruptured irregularly when 
the young plant begins to grow; such fruits are indehiscent. Other 
apocarpous fruits, when mature, open spontaneously to discharge the 
seeds, and arc dehiscent. 

540. imdcUscent AporarpoHs Pniits, when formed of a single mature 

carpel, frequently contain only one seed, or are monospermous (ftoto;, 
one, and seed). In some instances there may have been only 

one ovule originally, in others two, one of which has become abortive. 

541. The Achcenium («, privative, and I open), is a dry 

monospermous fruit, the pericarp of which is closely applied to the 
seed, but separable from it (6g. 

463). It may be solitary, form¬ 
ing a single fruit, as in the 
Cashew (fig. 227 a), where it 
is supported on a fleshy pe¬ 
duncle, p; or aggregate, as in 
Kanunculus (fig. 404), where 
several achaenia are placed on 
a common elevated receptacle'. 

In the Strawberry, the achmuia 
are placed on a convex succulent receptacle. In the Rose, they are 
supported on a concave receptacle, covered by the calycine tube (fig. 

FIff 468.--Ach8eniuTn or indehiscent roonosperons carpel from the pistil of a Ranunculua. 

Fig. 464.—1. Similar achacnium, with rough points on tlie pericarp, trom the pistil of Itanun- 
<niiUB inuricatu& 2. Achsuium cut transversely to show tiic seed, </, not adherent to the 
parietea. ^ 
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270), and in the Fig, they are placed inside the hollow peduncle or 
receptacle (fig. 246), which ultimately forms what is commonly called 
the fruit. In the liose, the aggregate achsenia, with their general 
covering, are sometimes collectively called Cynarrhodmn (kvuv, a dog, 
and a rose, seen in the dog-rose). It will thus be remarked, 
that what in common language are called the seeds of the Strawberry, 
Hose, and Fig, are in reality carpels, which are distinguished from 
seeds by the presence of styles and stigmas. The stylos occasionally 
remain attached to the achaenia, in the form of feathery appendages, 
as in Clemati.s, whore they are called caudate (cauda, a tail). 

542. In Compositffi, the fruit which is sometimes called Ci/psela 
(xv^^iTiri, a box), when ripe, is an achaeninm united with the tube of 
the calyx (fig. 279 i). The limb of the calyx in the Compositae some¬ 
times becomes pappose, and remains attached to the" fruit, as in 
Dandelion, 'I'histles, &c. (fig. 279 1). When the pericarp is thin, 
and appears like a bladder surrounding the seed, the acha3nium be¬ 
comes a Utricle, as in Amaranthacem. This name is often given to fruits 
which difler from the achtenium, in being composed of more than one 
carpel. When the pericarp is extended in the form of a winged ap- 
jiendage, a Samara {camera, seed of Elm) or samaroid achcenium is 
produced, as in the Ash (fig. 4.97), common Sycamore (fig. 465), and 
Iliraoa (tig. 4G6). In these cases, there are usually two achsenia united, 



one of which, however, as in Fraxinus oxyphylla (fig. 437), may be 


FIff. 465.—See<l-vesRd of Acer rseudo-rtatiirms, composed of two samaras or winped mono- 
m'tlTJlocuSjits” ’'■‘I'g. f, Lower poitioncoircspondioK 

If p. 46«.-Samara totco fiom tlie fruit of niraiii. i, Persistent style. I, Part corresponding to 
th<‘locwlainent a wjnj? or ula, o 

1 11 ? 4fi7 —Caryopsis ol (cieale, Ilyo. 1 . Eutlrc. 2. Cut transversely to show the seed 

adheient to the piinctcs ot tiic pfriturp. ^ 
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abortive. The Wing (fig. 465 a) is formed by the carpel, and is either 
dorsal, i.e. a prolongation from the median vein (fig. 465 a), or margmjl,, 
that is, formed by the lateral veins (fig. 466 a). It surrounds the fruit 
longitudinally in the Elm. When the pericarp becomes so incorporated 
with the seed as to be inseparable from it, as in Grains of Wheat, Maize, 
Eye (fig. 467), and other grasses, then the name Caryopsis (Ktt^vx, a 
nut, and appearance) is given. 

543. There are some fruits which consist of two or more achacnia, 

at first united together, but which separate when ripe. Of this nature 
is the fruit of the Troposolum or Indian Cress, also that of Labiatm 
and Boraginacea), wliich is formed of four achscnia attached to the 
.axis (fig. 4t)2), whence the common style appears to proceed. Some 
of these are occasionally abortive. In the ripe state the pericarp 
separates from the seed in these cases ; and thus there is a transition 
from indehiscent achmnia to single-seeded dehiscent pericarps. So 
also the Cremocarp (x,oi/nxu. to suspend), or the fruit of Umbelliferoe 
(fig. 454), which is couipo.sed of two achamia united by a commissure 
to a common axis or carpophore (xsef^oj, fruit, and (po^ta, I bear), 
from which they are susjjcnded at maturity. It is sometimes deno¬ 
minated diachcenium (oiV, twice), from the union of two achatuia, which 
in this instance receive the name of tnericarps part), or hemicarps 

half, and xxqtos, fruit). 

544. The Nut or Gians. This is a one-cellcd fruit with a hardened 
pericarp, surrounded by bracts at the base, and, when mature, con¬ 
taining only one seed. In the young state, the ovary contains two or 
moi'e ovules, but only one comes to rnatuiity. It is illustrated by the 
fruit of the Hazel and Chestnut, which are covered by leafy appendages, 
in the form of a Imsk, and by the Acorn, in which the leaves or bracts 
are united so as to form a cupula or cup (fig. 257). The parts of the 
pericarp of the Nut are united so as to appear one. In Sagus, or the 
Sago Pain), it is covered by peculiar closely applied scales, giving 
the appeai’aiice of a cone. 

545. The Drupe (dnipw, unripe olives). This is a succulent fruit 
covered by a pericarp, consisting of epicarp, mosocarp, and endocarp; 
and when mature, containing a single seed. This term is applied to 
such fruits as the Cherry, Peach, Plum, Apricot, Mango, Walnut, 
Nutmeg, and D.nte. The endocarp is usually hard, forming the stone 
of the fruit, which encloses the kernel or seed. The nresocarp is 
generally pulpy and succulent, so as to ho truly a sarxocarp (Peach), 
but it is sometimes of a tough texture, as in the Almond, .and at other 
times more or les.s fibrous. 'I'here is thus a transition from the Drupe 
to the Nut. Moreover, in the Almond, there are often two ovules 
formed, only one of which comes to perfection. In the Walnut, the 
endocarp, which is easily separable into two, forms prolongations which 
enter into the interior, and cause a remaikable division in the seed. 
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It has been sometimes called Tryrm. In the Raspberry dnd Bramble, 
several small drupes or drupels are aggregated so as to constitute an 
Etcerio a companion). 

546. Dcbisccnt ApocarpoDH Fmtts. —^These open in various ways, 
and usually contain more than one seed, being either few-seeded, 
oUgospermous (6X!jo;, few, and gcrl^/ia, a seed), or many-seeded, ^o/y- 
spermom (iroXis, many). 

547. Follicle {fdUculus, a little bag). Tliis is a mature 
carpel, containing several seeds, and opening by the ventral 
suture (figs. 443, 468). It is rare to meet with a solitary 
follicle forming the fruit. There are usually several aggre¬ 
gated together, either in a circular manner on a shortened 
receptacle, as in Hellebore, Aconite, Delphinium, and Ascle- 
piadaceae; or in a spiral manner on an elongated receptacle, 
as in Magnolias, Banksias, and Liriodendron (fig. 306). 
Occasionally, as in Magnolia grandiflura, some of the lollicles 
open by the dorsal suture. 

The Legume ot Tod {legvmen, pulse) is a solitary, simple, ma¬ 
ture carpel, dehiscing 
by the ventral and dor¬ 
sal suture, and bearing 
seeds on the former. It 
characterizes legumin-. 
ous plants, and is seen 
in the Bean and Pea 
(fig. 469). In the Blad¬ 
der-senna (fig. 470) it 
retains, its leaf-like ap¬ 
pearance, and forms an 
inflated legume. In 
some Leguminosm, as 
Arachis, the fruit must 
be considered a legume, 
although it docs not 
dehisce. In place of 
opening at the sutures, 
some legumes are con¬ 
tracted at intervals, so 



FI(J MS —Follicle or delilsccnt tnany-sceded carpel of Aqullegla Tulgaris, Colmnblne. TUo 
follicle dehisces by the ventral suture only. 

Fig. 469.—Legume of Pisura sativum, common Pea, opened. It is formed by a single carpel, 
and dehisces ^ the ventral and dorsal sutuie. v v, Valves formed by the two parts of the 
pericarp. />, The epicarp or external layer of the pericarp, f/, Eudocarp or Internal layer, 
lietween tJicse tho mesocurp is situated, g, Seed.s placed one over the other, attached to tho 
placenta by short funiculi or cords,//. Tlie placenta forms a narrow line along the ventral 
suture, sv. ad. The dorsal suture corresponding to the midrib of the carpellary leaf. 

Fig. 470.—Legomo of Bladder-Bcana {Voluiea arbomeem), showing an li^atedL foUaceow 
pericaip. 
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as to include each seed in a separate cell, and when ripe, the different 
divisions of the pod separate from each other. This constitutes the 
Lomentum (lomentum, bean-meal), or lomentaceous 
legume of Hedysarum coronarium (fig. 460), Coronillas, 

Ornithopus, &c. In Medicago, the legume is twisted 
like a snail (fig. 471), and in Csesalpinia coriaria, or 
Divi-divi, it is vermiform or curved like a worm; in 
Carmichaelia, the valves give way close to the suture, 
and separate from it, leaving a division. 

.549. Syiicarpons FrniM are formed by several car¬ 
pels, which arc so united together as to appear one in 
their mature state. These i'ruits are either dry or 
succulent; in the former case, being usually dehiscent, 
in the latter, indehiscent. 

5.50. Minlohlsceal myncarponti Frails.— The Berrg {bciccd) is a" succu¬ 
lent fruit, in which the seeds are immersed in a pulpy mass, formed 
by the placentas. The name is usually given to such fruits as the 
Gooseberry and Currant, in which the calyx is adherent to the ovary, 
and the placentas are parietal, tlie seed.s being ultimately detached 
from the placenta, and lying loose in the pulp. Others have applied 
it also to those in which the ovary is free, as in the Grape, Potato, and 
Ardisia, and the placentas central or free central. The latter might 
be separated under tht name Uva (grape). In general, the name of 
baccate or betried is ayiplied to all pulpy fruits. In the Pomegranate 
there is a peculiar baccate many-cdled fruit, having a tough rind 
formed by the calyx, enclosing two rows of carpels placed above each 
other. The seeds are immersed in pulp, and are attached irregularly 
to the parietes, base, and centre. The fruit has been called Balausia 
(balanstium, flower of pomegranate), and the tough rind is called 
malicwrium (a name applied to it by Pliny). 

551. The Pepn or Peponida {viirav, a pumpkin), is illustrated by 
the fruit of the Gourd,,Melon, and other Cucurbitacete, where the 
calyx is adherent, the rind is thick and fleshy, and there are three or 
more seed-bearing parietal placentas, cither surrounding a central 
cavity, or sending prolongations inwards. The fruit of the Papaw 
resembles the Pepo, but the ovary is not adherent to the calyx. 

552. The Hesperidium (golden fruit in the garden of Hesperides) is 
the name given to the fruit of the Orange, &c., in which the epicarp 
and mesocarp form a separable rind, and the endocarp sends prolonga¬ 
tions inwards, forming triangular divisions, in which pulpy cells .are 
developed so as to surround the seeds which are attached to the inner 
angle. Both Pepo and Hesperidium may be considered as modifica¬ 
tions of the Berry. 

553. The Pome (pomum, an apple) seen in the Apple, Pear, Quince, 

Fig. 471.—Twisted or spiral legume of Medicago. 
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&c., « a fleshy fruit with the calyx adherent, and forming along with 
the epicnrp and mesocarp a thick cellular mass, which is eatable, while 
tlfe endocarp is scaly or horny, and forms separate colls enclosing the 
seeds. The covering of the cells is sometimes stony, as in the Medlar 
(fig. 472), and the Holly, forming whatrhas been called a Nucvlanium 
(nucula, a nut). In the Medlar, the stony endocarps are called pyrenm 
the stone of the fruit). In Cornus mas (fig. 473), there are 




two stony cells, n, surrounded by the fleshy opicarp and mesocarp, and 
as they are close together, and one is often abortive (fig. 473 2 1), 
there is a direct transition to the Drupe. 

.554. i>eiiiiieeiit » 5 iii'iirpouB Fruiis.—The CjipsuJc (capsula, a little 
chest). This name is .applied generally to all dry syncarpous fruits, 
which open by valves or pores. The valvular capsule is observed in 
Digitalis (fig. 445), Hibiscus esculentus (fig. 449), Ccdrcla angustifolia 
(fig. 450), Mahogany (fig. 451), and Cerastium viscosum (fig. 444). 
llie porous capsule is seen in the Poppy, Antirrhinum majus (fig. 462), 
and Campanula persicifolia (fig. 461). Sometimes the capsule opens 
b}' a lid, or by circurnscissile dobiscence, and it is then called a 
Pyxidium {pyxut, a box), as in Anagallis arvonsis (fig. 458), Henbane 
(fig. 459), and Lccythis. The capsule assumes a spiral form in the 
Helicteres, and a star-like or stellate form in Illicium aiiisatum. In 
certain instances, the cells of the capsule separate from each other, and 
open with elasticity to sc.attcr the seotls. This kind of capsule is met 
with in Hura crepitans, and other Enjdiorhiaceso, where the cocci, con¬ 
taining each a single seed, burst asunder with force (fig. 453); and in 
GeraniacecD, where the cocci, each containing, when mature, usually 
one seed, separate from the carpophore, and become curved upwards 

pj" 472 —I'ruit of coinnioii Iffcdlai (Mespthi\ ijermaniia) Tiansvrrse section showing c, epi- 
cniy s, Sdrcocarp. n, Pndocurp, iorniHig sloiiy coverings of the seeds. The fiuit has heeii 
culled nuculaniuin, and ihe haul cenlral cells pyrenw. In tlie medlar, as well as in the a[)ple, 
pear, and quince, the fruit mav ho c<m8idcr(>(l .is cyiiipuscd of sttiny or parchiiient-liko follicles, 
covered bv a pulpy disk wluelr lines the calyx 

Fig 473 —Fruit of Conius mas, coninum Cornel 1 Transverse section detaching the upper 
half of the fleshy portion, s, so as to show the central kcinel, «. 2. Trnnsicise seeliou of the 
fruit through the cenlral portion, n, showinj* that it consisted of two loculunients. I, One of the 
iMfllumeiits empty, the otlicr containing a seed, <7 
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by their adherent styles (fip;. 455). In the former case, the-fruit 
collectively has been called liegma (^rjy/Ma, a rupture). 

555. The Siliqua {siliqua, a husk or pod) (fig. 456), may be con¬ 
sidered as a variety' of the capsule, opening l)y two valves; these are 
detacdied from below upwards, close to the sutures, bearing thin 
parietal placentas, which are united together by a prolongation called 
a replum, or spurious dissepiment, dividing the fruit into two. The 
seeds are attached on either side of the replum, either in one row or 
in two When tile fruit is long and narrow, it is called Siliqua; when 
broad and short, it is called Silicula. It occurs in cruciferous plants, 
as Wallllower, Cabbages, Cresses, &c. The siliqua may be considered 
as formed of two carpels, and two parietal placentas united together 
so as to form a two-celled seed-vessel. Some say that in its normal 
state it consists of four carpels, and that two of these are abortive. 
Tliere are four bundles of vessels in it, one corresponding to e.ach' 
valve, which may be called vahndar or pa icwpial, and others running 
along the edge cMcd pilaccntal. The replum consists of two lamellaj.' 
It sometimes exhibits perlbrations, becoming fenestrate (^fenestra, a 
window). At other times its central portion is absorbed, so that the 
fruit becomes ono-oelled. 

Fruits which are the produce of several Floiccrs united. 

556. It sometimes happens that the ovaries of two flowers unite, so 
as to form a double fruit. This may be seen in many species of 
Honeysuckle. But the fruits which are now to bo 
considered, consist usually of the fl^al envelopes, as 
well as the ovaries of several flowers united into one, 
and are called Multiple or jyithocarpous. 

557. The Sorosis a congeries or cluster) is 

a multiple fruit formed by a united spike of flowers, 
which becomes succulent. The fruit of the Pine- 
apple (fig. 474) is composed of numerous ovaries, 
floral envelopes, and bracts combined so as to form 
a succulent mass. The scales outside, c c, are the 
modified bracts and floral leaves, which, when the 
development of the fruit-bearing spike terminates, 
appear in the form of ordinary leaves, and constitute 
the crown,/. Other instances of a sorosis are the Bread-fruit anti 
Jack-fruit. Sometimes a fruit of this kind resembles that formed byr 
a single flower, and a superficial observer might have some difticidty^ 
in giarking the difference. Thus, the Strawberry, Mulberry, and 

Fiff. 474.—Anthocarpous fnilt of Ananassa sativa, Plne-api»]e. Axis boaiing niimcrou>» ftowerti 
the ovaries of which are tonihliiod Vf'irh the bract^ c c, to iorm the fiiut / Crown of tJie Tine- 
apple, consisting of empty bracts or floral leaves. 
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Easpberry appear to be very like each other, but they differ totally in 
their structure. The Strawberry and'Easpberry are each the produce 
of a single flower, the former being a succulent edible receptacle 
bearing acheenia on its convex surface; the latter being a collection of 
drupes placed on a conical unpalatable receptacle; while 
the Miilberry (fig. 475) is a sorosis formed by numerous 
flowers united together, the calyces becoming succulent, 
and investing the pericarps. 

558. Syconus (aS*o», a fig,) is an antHocarpous fruit, in 
which the axis, or the extremity of the peduncle, is 
hollowed, so as to bear numerous flowers, all of which are 
united in one mass to form the fruit. The Fig (fig. 246) 
is of this nature, and'what are called its seeds are the 
achsenia or monospermal seed-vessels of the numerous flowers scattered 
through the pulpy hollowed axis. In Dorstenia (fig. 245), the axis is 
less deeply hollowed, and of a harder texture, the fruit exhibiting 
often very anomalous forms. 

559. Slrohilus (erio^i'Kog, fir-cone) is a fruit-bearing spike more or 
less elongated, covered with scales, each of which represents a separate 

flower, and has two seeds at its 
base (fig. 476). The scales may be 
considered as bracts, or as flattened 
carpellary leaves, and the seeds are 
naked, as there is no true ovary 
present with its style or stigma. 
This fruit is seen in the cones of 
Firs, Spruces, Larches, Cedars, &c., 
%hich have received the name of 
Conifera;, or cone-bearing, on this 
account? The scales of the strobilus 
are sometimes thick and closely 
united, so as to form a more or 
less angular and rounded mass, as 
in the Cypress (fig. 477); while in 
the Juniper t^ey become fleshy, 
and are so incorporated as to form 
a globular fruit like a berry (fig. 
478), which has received the name of Gattulus (galbvlus, nut of the 
■cypress). In the Hop the fruit is called also a strobilus, but in it the 
scales are thin and membranous, and the seeds are not naked but are 
contained in pericarps. 



in« frnlt of the Mnlberry, fomed by the tmlon of oeTeral flowers. * 

. „ _noa tylveetris, Scotch Fir, conststlng of naraerous bracts or floral leavea. 

of iviilch covers two winged seeds. These seeds are called naked, in oonseqnence of not 
^«dDtained In an ovary, with a style or stigraa. 

Cone of Cupressus sempervirens, Cypress; one of the Gymnospennous or nikoa- 
lede^lants, like the Pine. ^ , 

Fig Succulent cone or G dbulus of Junlperos macrocarpa. « s a «, The different scales or 
j^acts nolted so as to enclose the seeds. 


Fig. 4?iS.—'Anthocai 
Fig. 476 —Cone of 
each 
beii 
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660*—Tabular Arbangestent of Fruits. 

A. Simple Fruits formed from a single flower, and consisting of one or more Carpels 
either separate or combined; thus including Apocarpous, Aggregate and 
Syncarpous Fruits. 

I. Indehiscent Pericarps. 

1. Usually containing a single seed: 

f Achfienium (Lithospermum). 

Separable from the seed. <^fel'ic<l7'p and Crcviocarp in Umbellifer®, 

{ and Cyp&tla in Compositae. 

Aclisnia enclosed in fleshy tube of Calyx, Cynarrhodum (Rose). 

Inseparable from the seed.Caryopsis (Grasses). 

Inflated .Utricle (Chenopodium). 

Having a cupulate involuemm.Gians (Acorn). 

[Having winged appendages.Samara (Sycamore). 

Covered by a Pericarp, consisting of Epi-> jy (Cherry). 

carp, Sarcocarp, and Kndocarp.( ^ ^ 

Drupe, with a two-valved Endocarp, having divisions extending from its Inner 
surface, Tryma (Walnut). 

Aggregate Drupes, Etcerio (Raspberry). 

2. Containing two or more seeds: 

r Ovary adherent to Calyx, Placenta parietal, attach-) 

ment of seeds lost when rijic.) 

- attachment permanent, 

rind thick and hard...) 


z o. 
^1 


c a 
« s 
•sg; 

V "a 
e ^ 

o 

I 


Peculiar berried many-celled fruit, with two or more^ 

rows of Carpels.) 

Ovary not adherent to Calyx, Placenta central.. 

Placenta parietal. 


Having a spongy separable rind, and separable) 

L pulpy cells...) 

"S ^ f Walls of cells or Endocarp homy, covered by a) 
g I fleshy Mesocarp and Epicarp- or calycme disk, \ 
3 1 Walls of cells or Endocarp atony, covered by a'[ 

L fleshy Mesocarp and Epicarp or calycme disk, i 
II. Dehiscent Pericarjis. 


Bacca (Gooseberry). 
Pepo (Gourd). 

Balausta (Pom^anate). 

,Uva (Grape). 

.Papaw fruit. 

Ilesperidium (Orange). 
Poraum (Apple). 
NuculaDium (Medlar). 


I* 


Opening by Ventrid Suture only.Follicle (PiBony). 

Opening by Ventral and Dorsal Suture.Legume (Pea). 

Zomentum, a Legume separating into distinct pieces, each containing a seed 
(Ornithopus). 

Opffling by two valves which separate Irom a Central) Siliqua (Cabbage). 

Replum or Frame.J Silicida (Capsella). 

Opening by Transverse or Circumseissile Dehiscence....Pyxidium (Henbane). 
Opening by several valves or pores, without Ventral) „ t ^ ^ 

or Dorsal Suture or Replum. \ 

Capsule adherent to Calyx...Diplotegia (Campanula). 

A long pod-like Capsule...Ceratinm (Glaucium). 

Opening by separation of elastic Cocci.Regma (Hura). 
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B. Fraits formed by the union of several Flowers, and consisting of Floral Knvelopes, 
as well as Ovaries; these are multiple or Anthocarpous. 

Hollow Anthocarpous Fruit.—Syconus (Fig). 

{ formed by Indurated Catkin.—Strobilus (Fir 

fonntd by Succulent Spike.-Sorosis (Bread¬ 
fruit. 

7.—Matoraiios of the Pericarp. 

5G1. After fertilization, the parts of the ovary begin to swell, the 
foramen of the ovule is more or less closed, the stigma becomes dry, 
and the style either withers and falls off, or remains attached as a 
hardened process or apiculum; while the embryo plant is developed 
in the ovule. It has been stated that fruits, such as Oranges and 
Grapes, are sometimes produced without seeds. It does not appear, 
therefore, necessary for the production of fruit in all cases, that the 
process of fertilization should be complete. In speaking of seedless 
Oranges, Dr. Bullar states that the thinness of the rind of a St. Michael 
Orange, and its freedom from pips, depend on the age of the tree. 
The young trees, when in full vigour, bear fruit with a thick pulpy 
rind and abundance of seeds; but as the vigour of the plant declines, 
the peel becomes thinner, and the seeds gradually diminish in number, 
till they disappear altogether. 

562. While the Iruit enlarges, the sap is drawn towards it, and a great 
exhaustion of the juices of the plant takes place. In Annuals this ex¬ 
haustion is such as to destroy the plants; but if they are prevented 
from bearing fruit, they may be made to live for two or more years. 
Perennials, by acquiring increased vigour, are able better to bear the 
demand made upon them during fruiting. If large and highly- 
flavoured fruit i.s desired, it is of importance to allow an accumulation 
of sap to take place before the plant flowers. When a very young 
plant is permitted to l'< ar fruit, it seldom brings it to perfection. When 
a plant produces fruit in very large quantities, gardeners are in the 
halnt of thinning it eai ly, in order that there may be an increased 
supply of sap to tliat which remains. In this way. Peaches, Nectarines, 
Apricots, &c., are rendered larger and better flavoured. When the 
fruiting is checked for one season, there is an accumulation of nutritive 
matter, which has a beneficial effect on the subsequent crop. 

563. The pericarp is at first of a green colour, and perfoAis the 
same functions as the other green parts of plants, decomposing carbonic 
acid under the agency of light, and liberating oxygen. Saussure 
found by experiments that all fruit- in a green state perform this pro¬ 
cess of deoxidation. As the jiericarp advances to maturity, it either 
becomes dry or succulent. In the former case, it changes into a brown 
or » white colour, and has a quantity of ligneous matter deposited in 
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its substance, so as to acquire sometimes great hardness, when it is 
incapable of performing any active process of vegetable life; in the 
latter, it becomes fleshy in its texture, and assumes various bright 
tints, as red, yellow, &o. In fleshy fruits, however, there is frequently 
a deposition of ligneous cells in the endocarp, forming the stone of thi' 
fruit; and even in the substance of the pulpy matter or sarcocarp, 
there are found isolated cells of a similar nature, as in some varieties 
of Pear, where they cause a peculiar grittiness. The contents of the 
cells near the circumference of succulent fruits are thickened by 
exhalation, and a process of endosmose goes on, by which the thinner 
contents of the inner cells jiass outwards and thus cause swelling of 
the fruit. As the fruit advances to mnttirity, however, this exhalation 
diminishes, the water becoming free, and entering into new combina¬ 
tions. In all pulpy fruits wliicli are not green there are changes going 
on by which carbon is separated in combination with oxygen. 

5CI. Dry fruits may remain attached to the tree for some time 
before they are fully ripe, and ultimately separate by disarticulation. 
Occasionally, wlum the pericarp is thick, it separates in layers like 
the bark. Succiilent fruits oontaiu a large qu.antity of water, along 
with cellulose or lignine, sugar, gummy matter or dextrine, albumen, 
colouring matter, various organic acids, as citric, malic, and tartaric, 
combined with lime and alkaline substances, besides a pulpy gelatinous 
matter, which is converted by acids into pectine or pectose, whence 
pectic acid is formed by the action of albumen. Pectine is soluble 
in water, and exists in the pulp of fruits, as Apples, Pears, Goose¬ 
berries, Currants, Paspberries, Strawberries, &c. Pectic acid is said 
to consist of 2HO, C“ H'"" O'*. It is changed into a jelly-like matter 
(•3-)jxr;'c, a jelly); hence its use in making preserves. Each kind 
of tiuit is flavoured with a peculiar aromatic substance. Starch is 
rarely present in the pericarp of the fruit, although it occurs commonly 
in the seed. In Plantains, Bananas, and Bread-fruit, however, 
especially when seedless, there i.s a considerable quantity of starchy 
matter, giving rise to mealiness when the.se fruits are prepared as fritters. 
Oily matters are also found in the cellular tissue of many fruits. Thus, 
a fixed oil occurs in the Olive, and essential oils in the Orange, Lemon, 
Lime, Kue, Dictamnus, &c. 

565. During ripening, much of the water disappears, while the 
cellulose or lignine, and the dextrine, are converted into sug.ar. Berard 
is of opinion that the changes in fruits are caused by the action of the 
oxygon of the air. Fremy found that fruits covered with varnish did 
not ripen. As the process of ripening becomes perfected the acids 
combine with alkalies, and thus the acidity of the fruit diminishes, 
while its sweetness increases. Tl^e formation of sugar is by some 
attributed to the action of organic acids on the vegetable constituents, 
gum,^dextrine, and starch ; others think that the cellulose and lignine 

N 2 
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are similarly changed by the action of acids. The sugar of fruits is 
grape or starch sugar, called also Glucose. Its formula is C‘’ H" 0**. 
In the Grape, when young, there is abundance of tartaric acid; but 
as the fruit advances to maturity, this combines with potash, so as to 
diminish the acidity. Certain fruits owe their aperient qualities to the 
saline matter wliich they contain. In seasons when there is little sun, 
#nd a great abundance of moisture, succulent fruits become watery, 
and lose their flavour. The same thing frequently takes place in young 
trees with abundance of sap, and in cases where a large supply of water 
has been given artificially. 

fiC6. I'ho following analysis of the Cherry in its unripe and ripe 


stiite, as given by Berard, 
of succulent fruits : — 

exhibits generally the chemical 

Unripe. 

. 0 U5 . 

composition 

Klpe. 


. 112 . 

1812 


. G 01 . 

3’23 


. 2-U . 

1-12 


. 0-21 . 

()*r>7 



2-01 


. 0-14 . 

0*10 

Water.. . . 

.88 28 . 

7-1-85 


iao -00 

100-00 


The following table shows the changes produced on the water, sugar, 
and cellulose, in 100 parts of unripe and ripe fruits:— 


Apricot. 

W fltOT. 

Uin ipc. Ifipo, 

.. ..8!)*G9 74*87 . , 

Sugar. 

Unriiie. Kipe. 

601 1048 ,. 

CelUilofle. 
Unripo. liipe. 
,... 3*C1 18C 

reach. 

.90 31 

80-24 ... 

0-03 

11-01 

3-01 

1-21 

Cherries. ... 

.88-28 

74-85 ... 

... 1-12 

18-12 

2-14 

1-12 

Plums... 

. ...71 87 

71*10 ... 

... 17-71 

21-81 

1-26 

Ml 

Tears. 

.80-28 

83*88 ... 

045 

11*52 

3-80 

2-19 


5G7. It is not easy in all cases to determine the exact time when 
the fruit is ripe. In dry fruits, the period immediately before dehis¬ 
cence is considered as that of maturation; but, in pulpy fruits, there 
is much uncertainty. It is usual to s.ay that edible iruits are ripe, 
when their ingredients are in such a state of combination as to give 
the most agreeable flavour. This occurs at diflerent periods in different 
fruits. After succulent fi’uits are ripe in the ordinary sense, so as to 
be capable of being used for food, they undergo further changes, by 
the oxidation of tlieir tissues, even after being separated from the 
plant. In some cases, these changes improve the qiialityof the fruit, 
as in the case of the IVIedlar, the austerity of which is thus still further 
diminished. In the Pear, this process, called by Lindley blettvug (from 
the French, hlmi), renders it soft, but still fit for food, while in the 
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Apple, it causes a decay which acts injuriously on its qualities. By 
this process of oxidation, the whole fruit is ultimately reduced to a 
putretiiclive mass, which probably acts beneficially in promoting the 
germination of the seeds when the fruit drops on the gronnd. 

568 The period of timg required for ripening the fruit, varies in 
different plants. Most plants ripen their fruit within a year from the 
time of the expansion of the flower. Some come to maturity in a few 
days, others require some months. Certain plants, as some Coniferae, 
require more than a year, and in the Metrosideros, the fruit remains 
attached to the branch for several years. The following is a general 
statement of the usual time required for the maturation of different 
kinds of fruit:— 


Grasws....13 to 45 days. 

lia^ijfberry, Strawberry, Cherry.2 inoutlis. 

‘Bird-cherry, Linio-trcH‘....3 — 

Roses, White-tliom, Hor^e-chcstmit, .4 — 

Vine, IVtir, Ajijilc, W,ihiut, liecch, Plum, Nut, Ahnoiul, 5 to 6 — 

Olive, &iviri.7 — 

Coldiicuni, Misik-tff.8lo 9 — 

Many Coiiifciaj.10 to 1*J — 


Some Conifeiac, certain species of Oak^ Mctiffsidcros, above 12 

The ripening of fruits may be accelerated by the application of heat, 
by placing dark-coloured bricks below it, and by removing a ring of 
bark so as to lead to an accumulation of s.ap. It has been observed 
that plants subjected to a high temperature not unffequently prove 
abortive, which seems to result from the over stimulation causing the 
production of unisexual flowers alone. 'Trees are sometimes made to 
produce fruit, by checking their roots when too luxuriant, and by 
preventing the excessive development of branches. 

569. ernriin^.—A very important benefit is produced, both as re¬ 
gards the period of fruiting and the quality of the fruit, by the process 
of grafting. 'I’liis is accomplished by taking a young twig or scion, 
called a graft, and causing it to unite to a vigorous stem or sioch, thus 
enabling it to derive a larger supply of nutritive matter than it could 
otherwise obtain, and chocking its vegetative powers. In place of a 
slip or cutting, a bud is sometimes taken. In order that grafting 
may be successfully performed, there must be an affinity between the 
graft and the stock as regards their sap, &c. It has often been sup¬ 
posed that any kinds of plants m.ay be grafted together, and instances 
are mentioned by Virgil and Pliny, where different fruits are said to 
have been borne on the same stock. This was probably produced by 
what the French call Greffe des charlatans ,— cutting down a tree within 
a short distance of the ground, and then hollowing out the stump, and 
planting within it several young trees of different species; in a few 
years they grow up together so as to fill up the cavity, and appear to 
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be one. The deception is kept up better, if some buds of the parent 
stock have been kept alive. Fortune gives an instance in the Pun- 
jaub of a Peach growing out of an old Mango tree al)out six or eight 
feet from the ground. In this case the Peach had its roots in the 
ground, and had grown through the hollow stem of the Matjgo. 

670. The object whicli gardeners wish to secure by grading, is the 
improvement of the kind.s of fruit, the perpetuation of good varieties, 
which could not be procured from seed, and the hastening of the period 
of the fruit-bearing. Grafting a young twig on an older stock has 
the elll'ct of making it llower earlier than it would othorwi.se do. The 
accumulation of sap in the old stock is made beneficial to the twig, 
and a check is given at the same time to its tendency to produce 
leaves. Although the general law is, that grafting can only take 
place between pl.mts, especially trees, of the same family, there are 
certain exceptions Lorautliaceous j)arasites can form a union with 
genera in different ordeis. 

,671. Mr. Knight did much to improve fruits by grafting. He 
♦lelieved, however, that a graft would not live longer than the natural 
limit of life allowed to the tree from which it has been taken. In this 
way he endeavoured to account for the supposed extinction of some 
valuable vaiieties of Iriiits, such as the Golden jiippin, and many cider 
apples of the .seventeenth century.* He conceived that the only natural 
method of propagating idants was by seed. Ills views have not been 
confirmed by physiologists. Many plants are undoubtedly propagated 
naturally by shoots, Imds, tubers, &c , as well as by seed ; and it is 
certain that the life of slips may be prolonged by various mean.s, much 
beyond the usual limit of the life of the parent stock. The Sugar-cane 
is prop.igated naturally by the stem, the Strawberry by runners, the 
Couch-grass by creeping stems. Potatoes and Jerusalem Artichokes by 
tubers, the Tiger-lily by bulhlets, and Achimenes by scaly bodies, like 
tubers. The fruits, moreover, which Jlr. Knight thought had disap¬ 
peared, such as lied streak. Golden Jiippin, and Golden Harvey, still 
exist, and any Icebleness that they exhibit does not appear to pftceed 
from old age, but seems to be owing to other causes, such as the nature 
of the soil, cold, violence, and mutilation. Vines have been transmitted 
by perpetual division from the time of the Homans. A slip taken 
from a Willow in Mr. Knight’s garden, pronounced by him as dying 
from old ago, was planted in the Edinburgh Botanic Garden many 
years ago, and is now a vigorous free, although the original stock has 
long since undergone decay. It is true, however, that a cutting taken 
from a specimen already exhausted by excessive development of its 
parts, will partake of the impaired vigour of its parent, and will possess 
less constitutional energy than that taken from a vigorous stock, 

572. In grafting, various methods have been adopted. One of these 

* See Knight's IlortlcuUurnl Papers, Svo, LonQou, 1841, p. 81. 
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is grafting by approa^, or inarching, when two growing plants are 
united together, and after adhesion one is severed from its own stock, 
and left to grow on the other. This kind of adhesion sometimes takes 
place naturally in trees growing close together. It is well seen in a 
lir-tree in the burying-ground at Killin. The branch of the same tree 
may also be bent, so as to become united to the stem at two points. 
I’liis is often seen in the Ivy. The roots of contiguous trees occasion¬ 
ally unite by a process of grafting, and to this is attributed the con¬ 
tinued vigour of the stump of Spruce-trees cut down on the Swiss 
mountains. This natural grafting of roots has been observed in the 
White Pine {Abies pec/inata), and sometimes in the Ped Pine (Abies 
excclsa), as well as in the Scotch Fir (Finns sylvesiris). • 

.'iTd. The usual method of grafting is by scions or slips, which are 
applied to the stock by a sloping surface, or are inserted into slits 
in it by clejt-grafting, or into perforations by iri/nhle or peg-grafting. 
Whip-gniftiyig or inugue-grafting is performed by inserting a tongue 
or cleft proce.ss of the stock between tlie lips of a cut in the scion. 
tStde-graj'hHg resembles whip-grafting, but is performed on the side 
of the stock without heading it down. Sometimes several slips are 
})laced in a circular manner round the inside of the bark of the stock 
by crov'n-grafting; or the bark of a piortion of the stock is removed, 
and that of the scion is hollowed out, so as to be applied over it like 
the parts of a llute, hence called jhite-gra/ting. Budding is practised 
by the removal of a bud from one plant, along wdtli the portion of 
the bark and new wood, and applying it to another plant, in which a 
•similar wound has been made, firalting is usually performed between 
the woody parts of the jilants, but herbaceous parts may also be 
united in this way. T’he graft and stock arc secured by clay, or by 
bee.'-’-wax and tallow, or by Indian rubber, gutta percha, or collodion. 

h74. By grafting, all our good varieties of apples have been pro¬ 
duced from tlie Crab Apple. The seeds of the cultivated apples, when 
sown, produce plants which have a tendency to revert to the original 
sour Crab. Grafted varieties can only be propagated by cuttings. 
The influence exercised by the stock is very marked, and it is of great 
importance to select good stocks on wliicli to graft slips. In this way 
the fruit is often much improved by a process of ennobling, as it is 
called. The scion also seems in some cases to exercise a remarkable 
effect on the stock. Slips taken from varieties with variegated leaves, 
grafted on non-variegated, have caused the leaves of the latter to 
assume variegation, and the effect, when once established, has con¬ 
tinued even after the slip was removed. The effects of grafting are 
well seen in the case of the Red Laburnum, when united to the Yellow 
species. The Red Laburnum is a hybrid between the common Yellow 
Laburnum and Cytisus purpureus, or the Purple Laburnum. The 
branches below the graft produce the ordinary yellow laburnum 
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flowers of large size; those above exhibit often the small purple 
laburnum flowers, as well as reddish flowers intermediate between the 
two in size and colour. Occasionally, the same cluster .has some 
flowers yellow and some purplish. 

8.—Seed ok Fekth.ized Ovdek akbiveo at Maturitt. 

575. While the pistil undergoes changes consequent on the discharge 
of the pollen on the stigma, and ultimately becomes the fruit, the ovule 
also is transformed, and, when fully developed, constitutes the seed. 
After fertilization, the foramen of the ovule contracts, the embryo or 
yorfcg plant gradually increases in its interior, by the absorption of 
the fluid matter contained in the sac of the amnios, solid nutritive 
matter is deposited, and a greater or less degree of hardness is ac¬ 
quired. The seed then is the fecundated mature ovule containing the 
embryo, with certain nutritive and protective appendages. When 
ripe, the seed contains usually a quantity of starchy and ligneous 
matter, azotised compounds, as caseine and vegetable albunjen, 
oily and saline matters. It sometimes acquires a stony hardness, as 
in the case of vegetable ivory, the seed of Phytelephas macrocarpa. 
Care must be taken not to confound it with single-seeded pericarps, 
such as the Achseuium and Caryopsis, in which a style and stigma are 
pre’sent; nor with bulbils or bulblets, as in Liliuin bulbiferum, and 
Dentaria bulbifera, which are germs or separable buds developed 
without fecundation. 

57G. Seeds are usually enclosed in a seed-vessel or pericarp, and hence 
the great mass of lloweiing plants arc called ane/iospei-mous {dyyo;, or 
dyyHou, a vessel, and a seed). In Coniferae and Cycadacets, 

however, the seeds have no true pericarpial covering, and fertilization 
takes place by the direct application of the pollen to the 
seed, without the intervention of stigma or style. Hence 
the seeds, although sometimes protected by scales, are truly 
naked, and the pkiiits are called qi/mnosperinous (yvftuo;, 
naked, and (r7ri(^p.cc, a seed). Occauonally, by the early 
rapture of the pericarp, seeds oiigi ially covered become 
exposed. This is seen in Leonuce, Cuphea, &c. In 
Mignonette, the seed-vessel (fig. 470), opens early, so as to expose 
the seeds, which arc called snaimide. 

577. Besides being conlained in a pericarp, the seed has its own 
peculiar coverings. Like the ovule, it consists of a nucleus or kernel, 
and integuments. In some instances, although rarely, all the parts 
of the ovule are visible in the seed, viz., the embryo-sac, or quintine, 
the quartine, the terciue or covering ol the nucleus, the secundine, and 
A 

479.—Fruit or capsuk- of Reseda npMung early, so that tlic ovules become semiiiude. 
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tlie primine. In fig. 480, there is a representation of the seed of 
Nymphjea alba, in which s e indicates the 
embryo-sac, containing the embryo, e; n, 
the cellular farinaceous covering (quartine), 
fornted round the embryo-sac; rn t, mem¬ 
brane formed round the nucleus (tercine); 
m i, the secundine; t, the primine. In gene¬ 
ral, however, great changes take place by tlie 
development of the embryo; the embryo-sac 
is often absorbed, or becomes incorporated 
with the cellular tissue of the nucleus ; the 
same thing occasionally takes place in the 
secundine, so that in the ripe seed, all that 
can be detected is the embryo and two 
coverings. The general covering of the 
seed is called spennoderm seed, and 

covering). In order to correspond 
with the name applied to the covering of 
the fruit, it ought more properly to be 
denominated perisperm {ptsqI, around, and 
a-Trhfict, seed). This latter term, however, 
has been appropriated to a certain portion 
of the seed, to be afterwards noticed under the name of albumen. 

578. Tlie ftpermodemi usually consists of l;wo parts, an external 

membrane, called the episperm or testa (ijri, upon, or on the outside, 
and a seed, or testa, a shell), and an internal membrane, called 

endopleura (fiSon, within, and side). The former may consist 

of a union of the primine and secundine, or of the primine only, when 
as occasionally happens, the secundine is absorbed; the latter, of a 
combination between the membrane of the nucleus and the embryo- 
sac, or of one of these parts alone. Sometimes the secundine remains 
distinct in the seed, forming what has been called a mesosperm (ftiaos, 
middle); and when it assumes a fleshy character, it has received the 
name of sarcosperm or sarcoderm [aciei, flesh). 

579. The itvispenn consists of cellular tissue, which often assumes 
various colours, and becomes more or less hardened by depositions in 
its interior. In Abrus precatorius, and Adenanthera pavonina, it is 
of a bright red colour; in French beans, it is beautifully mottled ; in 
the Almond, it is veined ; in the Tulip and Primrose, it is rough ; in 
the Snapdragon, it is marked with depressions; in Cotton and Ascle- 

Fiff. 480.—Younj? seed of Nymphflea ollia cut vertically. /, Funlcnln.^or umblhcal cord. 
Anllu^ derived fiom the placenta, r, Kaphe. c, Chalaza or cotyledonary end of the fleed A, 
Hilumor base of the seed, m, Mlcropyle or foramen, t, Testa or^rimiiic. tn », Secundine. 
m t, Tercine or membrane of the nucleus n, Fannaceous external pfrlsitcnn or albumen fomied 
by the nucleus, and probably constituting the quartine of Mirbei 4 e,« e, Inteniftl i>erisperai or 
•udospenn formed by tlie einbryo-soc. c, Tlie embrj o 






288 


SEED OB MATUEE OTDLE. 


pias, it has hairs attached to it; and in Mahogany and Bignonia, it is 
expanded in the form of wing-like appendages. In Salvia, Collomia, 
Acanthodium, and other seeds, it contains spiral cells, from which, 
when moistened with water, the fibres uncoil in a beautiful manner, 
having a 'membranous covering. In the episperni of the seed of 
Ulmus campestris, tlie cells are compressed, and their sinuous boun¬ 
daries are traced out by minute rectangular crystals adhering to their 
walls. 

580. The Endopieara is also cellular. It is often thin and trans¬ 
parent, but it sometimes becomes thickened. It is applied more or 
less closely to the embryo, and sometimes follows a sinuous course, 
forming folds on its internal surface, and separating from the episperra. 

When the embryo-sac remains distinct from the nucleus in the 
seeds, as in Nymphma, Zingiber, Piper, &c, it forms a covering to 
which the name of vUellus (vitellus, yolk of an egg), was given by 
Gsertner. 

581. Ai'illuH.—Sometimes there is an additional covering to the 
seed, derived from an exjiansion of the funiculus or jilacenta after 
fertilization, to which the name ariUvs has been given. This is seen 
in the Passion-flower, where tlie covering commences at the biase, and 
proceeds towards the ajicx, leaving the foraimm uncovered. In the 
Nutmeg and Spindle-tree, this additional coat is said to commence tit 
the side of the exostome, and to proceed from above downwards, con¬ 
stituting, in the former case, the substance called mace; and in the 



t B a 4 

481 


latter, the bright scarlet covering of the seeds (figs. 481, 482). In 
such instances, it has been called by some an aritlode. This arillode, 
after growing downwards, may be reflected upwards, so as to cover 
the foramen. 

582. On the testa, at various points, there are produced at times 
cellular bodies, which are not dependent on fertilization, to which the 
name of strophioles (strophiolum, a little garland), or caruncules (carun- 

Flg. 481.—1. 2, 3, and t.^arioua states of the arlllus of Euonymus, the Spindle-tree The 
.^..flgiu cs show tlie mode in winch it Is developed from the edges of the foramen, o a a a, Arillode 
///» Foramen or exostome. 
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cula, a little piece of flesh), has been given, the seeds being strophio- 
late or oarunculate. These tumours may occur near the base or apex 



of the seed, they may be swellings of the exostome, as in Eicinus 
(fig. 483 c), or they may occur in the course of the 
raphe. 

583. Seeds are attached to the placenta by means 
of a funiculus or umbilical cord, which varies much f ' 
in length. Jn Magnolias it attains a great length, 
and wlien the seed is ripe It appears like a cord 
suspending it from the follicle. The point of the seed 
by which it is united to the cord or the scar left on 
its separation, is called the liilum or lanhiliciis, and 
represents its base. It frecpicntly exhibits marked 
colours, being black in the Bean, white in many species of Phaseolus, 
&c. It may occupy a small or large surface, according to the nature 
of the attachment. What constitutes the foramen of the ovule, 
becomes the microjvjle small, and gate) of the seed, with 

its exostome and endostome. This may be recognizable by the naked 
eye, as in the Pea and Bean tribe, Iris, t&c, or it may bo very minute 
and microscopic. It indicates the true apex of the seed, and is 
important as marking the part to which the root of the embryo is 
directed. At the microj)yle in the Bean, is observed a small process 
of integument, which, when the young plant sprouts, is pushed up 
like a lid, and is called enihyotega (tego, I cover.) The fibre-vascular 
bundles, from the placenta pass through the funiculus and reach the 
seed, either entering it directly at a point called the omphalode (6ii(ptiho;, 
navel,) which forms part of the hiliiin, or being prolonged between the 

Fiff. 482.—-Development of the same arlllua, a, around the ovule, o, exhibited In a dJfl'yrent 
portion. 1, 2, 3,4, are tour successive ataecs of development. In flif. 4, the arillua haa been cut 
vertica^y, to show its relation to the ovule, which it sui rounds completely. 

Kp. 48i--Vertical section of a carpel of Rielnus communis, and of the seed which it contains, 
a. Pericarp. 1, Loculument. /, Funiculus or umlnllcal cord, t, Integnunents of the seed, having 
at their apex a caruncula, c, which is traversed hy the smaU canal of the exostome. The exoa- 
tome does not correspond exactly with the endostome, is immediately above the radicle, 
r, Jtaphe. c h, Chalaza. p, Peiispcrm or albumen, the upper poition of which only is i^n. 
«, Lmhrj'o, with its radicle, e r, and its cotyledons, e r. 

O 
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outer and inner integument in the form of a raphe, and reaching tlie 
chahza or organic base of the nucleus, where a swelling or peculiar 
expansion may often be detected, as in Crocus. In fig. 480, the spiral 
vessels, r, are seen entering the cord, f, passing through the hilum, h, 
forming the raphe, r, between the testa, t, and eudoploura, m i, and 
ending in the chalazal expansion, c. So also in fig. 484, where / is 
the funiculus, r the raphe united to the hilum and chalaza, c, whence 
vessels, //, penetrate the seed. In some seeds, as Narthecium ossifragum, 
the vessels arc said not to appear till after fertilization, and in Habenaria 
viridis, none have been detected. The chalaza is often 
of a different colour from the rest of the integuments. 
In the Orange, it is of a reddish-brown colour. Somc- 
, . j,, times, however, its structure can only be recognized 
by careful dissection. It indicates the cotyledonary 
extremity of the embryo. The hilum and chalaza 
^ may correspond, or they may be separated from each 
other and united by the raphe (fig. 484). The raphe 
is generally on the side of the seed next the ventral suture. 

584. The positions of the hilum, niicropyle, and chalaza, are of 

importance in determining the nature of the seed. The hilum is the 
base of the seed, and the micropyle its apex, while the chalaza is the 
organic base of the nucleus. The hilum and chalaza may correspond, 
the micropyle being at the opposite extremity, and then the seed is 
oTthotropal (of^oj, stnaight). The seed may be curved so that the 
micropyle is close to the hilum, and the chalaza, by the growth of the 
seed on one side, may be slightly removed from the hilum, then the 
seed is campylotropal curved). The micropyle may be 

close to the hilum, and the chalaza in the progress of development 
may be removed to the opposite end, then the seed is anatropal 
{duaT^f-TTu, I reverse).* 

585. The position of the seed as regards the pericarp, resembles 
that of the ovule in the ovary, and the same terms are applied—erect, 
ascending, pendulous, suspended, curved, &c. (figs- 423, 424, 425, 
426, 420.) These terms have no reference to the mode in which the 
fruit is attached to the axis. Thus the seed may be erect while the 
fruit itself is pendent, in the ordinary meaning of that term. The part 
of the seed next the axis or the ventral suture is its face, the opposite 
side being the hach. Seeds exhibit great varieties of forms. They 
may be flattened laterally, compressed; or from above downwards, 
depressed. They may be round, oval, triangular, polygonal, rolled up 
like a snail, as in Physostemon, or coiled up like a snake, as in 
Ophiocaryon paradoxum. 

• See T 4^7, where these terms are more folly explained when treating of the ovule. 

Tig. 4Si—Seed of the Hazel. /, Funienlns. r. Raphe, c, Chalaza. n, Veins spreading in a 
radiating manner over the integuments of the seed. 
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586. The great object of fertilization is the formation of the embryo 
in the interior of the seed. In general, one embryo is produced, con¬ 
stituting what is (fcnominated monetribryony (fiouo;, one) ; but in Coni¬ 
fer®, Cycadacc®, Mistleto, &c., there are frequently several embryos, 
giving rise to what is called polyembryony (woAu,-, many). Sometimes 
• two embryos become united together in the same seed. In the coni¬ 
ferous seeds, numerous corpuscles are seen whence the embryos pro¬ 
ceed. The process of fertilization has already been traced until the 
embryo appears as a rounded cellular bod}', enclosed in the embryo- 
sac, and attached to a suspensor. In fig. 480, e is the embryo, and 
.s e the embryo-sac. In this sac there is at first a mucilaginous fluid, 
the amnios, in which cells are speedily developed, commencing on its 
inner surface, and extending towards the interior. The embryonic¬ 
cell (fig. 485 v), still attached to the sac by its suspensor, s, contains 
in the early state semifluid granular matter, which becomes organized, 
producing distinct nucleated cells (fig. 485, 2, e). These gradually 
multiply, and form at length a cellular mass, at first undivided (fig. 
485, 3, e), but afterwards showing a separation of parts, so that the 



axis and lateral projections or rudiments of leaves can be distinguished. 
In figs. 486 to 491, all the stages of the formation of embryo can be 
traced, appearing first as a simple cell (figs. 486, 488), forming others 
in its interior (figs. 489, 490); and finally, the parts of the embryo 
becoming visible, as in fig. 491, where g r is the axis representing the 


Fiff. 486.—First development of the embryo of Draba vema. o, Suspensor, v> liioh in this plmit 
la very long t?, Embryonic or genniniil visidc. e, Embryo. 1 Fust stage, In which the 
embryonic vesicle only is seen 2, Second st^ige, showing several cells foimied in the embryonic 
vesicle. 3. 7’hlrd stage, in which the embryo becomes more conspicuous in consequence of tlie 
formation of numerous small cells. 

Fig. 486 —Monocotyledonous embryo of Fotamogeton perfoliatus in its early stage, appearing 
as a vesicle or simple cell. 

Fig. 467.—The same further advanced, showing radicle, r, gemroule or plumule, ff, and the 
cotyledon, c 

Fig. 488.—Dicotyledonous embryo of CEnothera crasslpes in its early stage, appearing asa 
vesicle or cell. 

Fig. 483. The same further advanced, showing three united utricles or colls. 

Fig. 490.—'fhe same more developed, showing numerous cells 

Fig 491.—The same in a more developed state, showing radicle, r, gemmule, p, and co^e- 
dons, €c. 
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Stem and roots, and c c are tlie lateral projections, which are developed 
as leaf-like bodies, called cotyledons the name of a plant, 

having leaves like seed-lobes.) • 

587. Perisperm or Albumen.— As the embryo increases in size, it 
gradually causes absorption of the cellular tissue in the embryo-sac, and 
it is sometimes developed to such a degree as to reduce the nucleus and • 
embryo-sac to a thin integument. In such a case the seed consists of 
integuments and embryo alone. In Santalum, Osyris, and Loranthus, 
Griffith says the ovule is sometimes reduced entirely to a sort of embryo- 
nary sac. In Avicennia, the embryo, at its maturity, is on the outside 
of the nucleus and body of the ovule. In other cases it enlarges to a 
certain extent, filling the embryo-sac completely or partially, and only 
encroaching slightly on the cells of the nucleus. The cells surrounding 
the embryo then become filled with a deposit of solid matter called 
albumen, consisting of starchy, oily matter, and nitrogenous compounds. 
'J'o this matter some have applied the term perisperm (x£jl, around, 
and seed); others, that of endosperm {hloi/, within). The name 

perispennic albumen, or perisperm, is often restricted to that found in 
the cells of the nucleus alone (fig. 480 n ); endosperntic albumen, or 
endosperm, to that found within the embryo-sac alone (lig. 480 s e), as 
in Chelidoniura majus, Kanunculaceas, Umbelliferte, &c. Sometimes 
both kinds of albumen occur in the same seed, as in Nymphajaceae 



and Piperacese. Schleiden states, that in some instances the albumen 
is produced in the region of the chalaza. He also remarks, that endo- 
spermic albumen is common in Endogens. In some Scrophularias, the 
embryo-sac forms little cavities or bags, which in the ripe seed remain 
as appendages to the albumen. Seeds in which the embryo occupies 


Fip. 402 —Anfltropal mataie seed of Ilellebonis uigor cut vertically The enjhiro. e, Is small, 
&s compared wtth the peileperm or albumen, p. i, Spermoderm or coverings oi the seed. /, 
Itoicolua A, Hilum. c, Chalaza. 

. 'Tiff. 493.—Mature seed of Diphylleia peltata, showing an emlin’o, e, wlilch occupies a larger 
portion of the seed than in fig. 404. Letters Indicate the same parts as in the previous tigorc. 

fig 494.—Ripe seed of Berberls vulgaris, exhibiting a larger embryo, e, as compared with the 
perisperm, p. Letters as in Dgs. 492 and 493. 
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the entire seed, are called eooalhumimus (ex, without), as Composit®, 
Crucifer®, and most Leguminos®, while others having separate albumen 
are albuminous. The larger the quantity of albumen in a seed, the 
smaller the embryo. In figs. 492 to 494, the relative proportion which 
the embryo bears to the albumen or perisperm in different seeds is 
shown; e being the embryo with its cotyledons and young root, p the 
perisperm, t the coverings of the seed, f the funiculus or cord, h the 
hilum, and c the clialaza. In fig. 492, the embryo is minute, and 
occupies only a small part of the apex of the albumen; in fig. 493, it 
is larger, and has encroached on the perisperm; while in fig. 494, it 
is still more developed, much of the albumen having been absorbed. 

588. The albumen varies much in its nature and consistence, and 
furnishes important characters. It may ha jarinaneous or mecH.y, con¬ 
sisting chiefly of cells filled with starch (fig. 495), as in Cereal grains, 
where it is abundant; jleshy or cartilaginous, consisting of thicker cells 
which are still soft, as jn the Coco-nut, and which sometimes contain 
oil, as in the oily albumen of Croton (fig. 496), Ricinus, and Poppy; 
horny, when the matter in the colls is of a hard consistence, and olten 
arranged in a concentric manner, so as nearly to fill the entire cavity, 
as in Date, Ivory-Palm, and Coffee. The albumen may be uniform 
throughout, or it may present a mottled appearance, as in the Nutmeg, 
the seeds of Anoiiace®, and some Palms (fig 497), where it is called 




ruminated. This mottled appearance depends on the endopleura or 
inner integument forming folds on which the albumen is deposited, 
and when the seed is ripe, these foldings of the membrane divide the 
albumen in a sinuous or convoluted manner. 

589. The albumen is a store of matter laid up for the nourishment 
of the embryo. In the Coco-nut and double Coco-nut, it forms the 
great bulk of the seed, weighing many ounces, while the embryo is 

Fljf. 495—Section of a small portion of the farinaceous perisponn or albumen of Zea Muis, 
Imliancom rc c, Cells. ///. Grams of starch in the cells. 

fi/?. 49C.--SectioD of a small portion of the oily perlspenn or albumen of Croton TIghum. 
c c c r. Cells AAA, Drops of oil contained in the cells. 

Fig 497—Vertical section of the fiu\t of Areca CMechu. c, Perianth. / Pericarp. _p, Rumi¬ 
nated perisperm or albumen, e, Embryo. 
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minute, weighing a few grains, and lies in a cavity at one extremity. 
In CoiFee, the albumen is the horny portion, the infusion of which is 
used for a beverage. In Phytelephas it is called vegetable ivory from 
its hardness, and is used for the same purposes as ivory. In the homy 
albumen of this-Palm, as well as in that of the Attalea funifera, the 
Date and the Doom Palm, the concentric deposition of secondary 
layers, leaving a small cavity in the centre of the cells, and radiating 
spaces uncovered with thickening matter, is well seen under the 
microscope. 

590. The embryo consists of cotyledons or rudimentary leaves, the 
plumule {plumiila, a little feather), or gemmule (gemma, a bud), repre¬ 
senting the ascending axis, the radicle (radix, root), or the descending 
axis, and their point of union the collum, collar or neck; that part 
of the axis which intervenes between the collar and cotyledons 

§ being the caulicvle (caulicnlus, a little stalk), or tigelle (ligellus, a 
little stalk). The embryo varies in its structure in the different 
493 divisions of the vegetable kingdom. In acrogenous and thallo- 
genous plants, it continues as a cell or spore, with granular 
matter in its interior {Hg. 498), without any separation of parts or 



499 .wn 

the production of cotyledons. Hence these plants are called acotyle- 
donous (x privative *0TeX))5w»). Endogenous and Exogenous plants, 
on the other hand, exhibit a marked separation of parts in their 
embryo, the former having one cotyledon, and hence being mono- 
cotyledonous one); the latter two, and hence dicotyledonous (S!(, 

twice). Thus, the whole vegetable kingdom is divided into three 

Flff. 498.—Acotyledonons embrj'o of Marclmntia polymorpha. Such embryos bear the name of 
ipoTca. 
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grand classes by the nature of the embryo, the first of which classes 
corresponds with the oryptogamio division of plants, the second with 
the endogenous division of phanerogamous or flowering plants, the 
third with the exongenous division of the same. Fig. 499 represents 
a monocotyledonous embryo, with its cotyledon, c; while figs. 500 and 
501, exhibit a dicotyledonous embryo, with its cotyledons, c c. 

591. x'hc Hpore of acotyledonous plants (fig. 498) is a cellular 
body, from which a new plant is produced. Germination takes place 
in any part of its surface, and not from fixed points. Some consider 
it as produced independent of any process of fertilization, others con¬ 
sider the union of two kinds of cells as necessary for its formation. 
When formed, it sometimes presents filaments or vibratile cilia on its 
surface (figs. 431-434), by means of which it moves about in fluid', 
like some of the Infusoria. When it germinates, these cilia disappear. 
Sometimes spores are united in definite numbers, as in fours, sur¬ 
rounded by a cellular covering, or perispore (x£ff, around, and 

a spore), or sporidium, and thus forming the reproductive body called 
a tetraspore (xETjaf, four), which is common in Algse. 

592. fimbryo.— In the embr>/o or corculum {corculum, a little heart), 
the first part formed is the wis, having one of its extremities turned 
towards the suspensor, and the other in the opposite direction; the 
former indicating the point whence the young root or radicle is to 
proceed, and the latter that whence the leafy stem is to arise. As the 
first leaves produced are the cotyledons, this stem is called the cotyle¬ 
donary extremity of the embryo, while the other is the radicular. 
The radicular is thus continuous with the suspensor, and consequently 
points towards the micropylo (fig. 494 It), or the summit of the 
nucleus, an important fact in practical botany; while the cotyledonary, 
being opposite, is pointed towards the base of the nucleus or the 
chalaza (fig. 494 c). Hence, by ascertaining the position of the 
micropyle and chalaza, the two extremities of the embryo can in 
general be discovered. In some rare instances, in consequence of a 
thickening taking place in the coats of the seed, as in llicinus (fig. 483), 
and some Euphorbiaceaj, there is an alteration in the micropyle, so 
that the radicle does not point directly to it. 

593. The part of the a.xis Avhich unites the radicle and the cotyledon 
or cotyledons, is denominated catdicule or tigelle (figs. 499 t, 501 t). 
This is sometimes very short. From the point where the cotyledons 
are united to the axis, a bud is developed (in the same way as from 
the axil of leaves); this bud contains the rudiments of the true or 
primordial {primus, first, and ordo, rank) leaves of the plant, and has 
been called plumule or gemmvle. This bud may be seen usually lying 
within the cotyledons. Thus, in fig. 501, the embryo of the Almond 
exhibits the gemmule, g, lying on one of the cotyledons, the other 
having been removed and leaving a cicatrix, t c ; while in fig. 499, 
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the gemtnule, g, of Potamogeton perfoliatus, is covered by the single 
cotyledon, c. 

694. The gemmule as well as the cotyledon are sometimes obscurely 
seen. Thus, in Cuscuta (fig. 502), the em¬ 
bryo appears as an elongated axis without 
divisions; and in Pekea butyrosa (fig. 503), 
the mass of the embryo is made up by the 
radicular extremity and tigelle, t, in a groove 
of which, s, the cotyledonary extremity lies 
embedded, which when separated, as in the 
figure, shows only very small cotyledons. 
Tn some monocotyledonous embryos, as 
Orchidaceae, it requires a microsco[)ic examination to detect the 
cotyledonary leaf. 

59.5. Monocotyicdonon* Embryo. —In this embryo, the single cotyle¬ 
don in general encloses the gemmule at its lower portion, and exhibits 
on one side a small slit (fig. 501./ ), which indicates the edges of the 
vaginal, or sheathing portion of the cotyledonary leaf. The 
embryo presents commonly a cylindrical form, rounded at the 
extremities, or a mure or less elongated ovoid (fig. 504). At 
first sight there seems to be no distinction of parts; but on 
careful examination, by moistening the embryo, and making 
a vertic.'tl section, there will be detected, at a variable height, 
a small projecting mammilla, buried a little below the surface. 
'J’his is tlie gemtnule which marks the termination of the axis. 
From the lower extremity jirocceds the radicular portion (figs. 
499 t r, 504 r), which may be .said to represent both the tigelle 
sot and radicle. The upper portion or chalazal end of the embryo, 
is the cotyledon (tig.s. 499, 504 c), wliicli is sheathing at its base, 
so as to enclose the gemmule. The length of the radicular portion, or 
that below the gemmule, varies. It. is usually shorter than the 
cotyledon, and is denser in structure; but in some instances it becomes 
much larger, giving rise to what has been called a macropodom 
embryo (^«*ooV. long, and Tovi, a fiiot). Tims, in fig. 505, t represents 
the long radicular portion in the young state, whence ultimately the 
root, r, proceeds. Occasionally, the radicular portion becomes very 
thick and largo, so as to form a considerable portion of the embryo; 
and in all monocotyledons, it may be considered as an enlarged mam¬ 
millary projection, whence the rootlets proceed by bursting through it, 
and carrying with them a covering or sheath (^ 127, fig. 124). 


Fii^. 602.—Spiral embryo of Caseuta or Dofldfr. 

Fig. 603 —Knibjyo of I’ekea butyiosiv- t, I'bick tigelle or cauliciile, forming nearly the whole 
mass, becoming narrowed ami curved .it its extremity, and upidicd to the groove, s. In the 
figure tlij^ narrowed portion is slightly sopauited from tho gioove. c. Two rudimentary 
rotytad^U. 

EmbryoofTriglochinBarrclieri r, Kadicle. /t Sht corresponding to the gemmule. 

c, CiilJWon. 
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596. Wlien considering endogenous or monocotyledonous stems, it 
was shown that the leaves are produced singly and alternately, in a 
sheathing manner, each embracing the sub¬ 
sequently developed bud. So it is in the 
monocotyledonous embryo. There is a single 
leaf or cotyledon produced, and if in any 
instance there is more than one, it is alternate 
with the first formed. 'I'he cotyledon (fig. 

504 c) is folded either partially, as in Dios- 
corea, or completely. Its .sheathing portion 
(vagina) embraces the bud or gcnnnule, which 
appears as a mammillary projection ; its posi¬ 
tion being indicated by a cleft or slit (fig. 604 
f), where the edges of the sheath unite. All 
the portion of the embryo above the gemmulc, 
is the cotyledon; all below, the radicle. 

597. Dloolylcdonons* Embryo.— The form 
of this embryo varies much ; and although 
sometimes resembling in its general aspect 
that of monocotyledons, yet it is always 
distinguished by a division taking place at 
the cotyledonary extremity, by which it is 
separated into two, more or less evident, 
lohos. The parts of this embryo are easily 
traced in the Bean, Pea, Acorn, and Almond. 

In the latter (fig. 500), the embryo has an 
oval form, consisting of two thick cotyle¬ 
dons, c c, and a radicle, r. When one of 
the cotyledons is removed (fig. 501), leaving 
scars, i c, the geramnle or plnmiile, g, is 
seen included between them, with its cauli- 
cule or tigelle, t. 

598. The cotyledons are not always, how¬ 
ever, of the same size. Thus, in a species of 
Pliraea (fig 506), one of them, c', i.s smaller 
than the other; and in Carapa guianensis 
(fig. 507), there appears to be only one, in 
consequence of the intimate union which 
takes place between the two as indicated by 
the dotted line, c. The union betweeu the 
cotyledonary leaves may continue after the 
young plant begins to germinate. Such embryos have been called 




Fig. M5.—MonocotylertoTious embryo of Zannlchellia palustris germinatinj?. wi, Colhim or 
neck, the point Intermediate between the stem or tigelle, i, nnd the radicle or ro<>t, r. c, Cotyle¬ 
don. { 7 , Gemmule or plumule. 
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pseiido-monocotyledonous false). When there are two cotyle¬ 

dons, they are opposite to each other. In some cases there are more 
than two present, and then they become verticillate. This occurs in 
Coniferse, especially in the Fir (fig. 508), Spruce, and Larch, in which 



SIX, nine, twelve, and even fifteen have been observed. In such cases 
It is probable that the cotyledons are split by collateral chorisis, 
and thus divided into several. 'J'hey .are linear, and resemble in 
their form end mode of development the clustered orfascieulatedleaves 
of the Larch. Plants liaving numerous cotyledons are occasionally 
denominated ]io!ycof//lcdonous. Duch.artrc thinks th;it the mulftple 
cotyledons of the Firs are not verticillate, but occur in two opposite 
groups, placed like two ordinary cotyledons. Hence he considers the 
plants to be truly dicotyledonous, with the cotyledons deeply divided 
into a number of segments Between the two cotyledons there is a 
slit which is well scon in Finns Pinaster and excelsa. Thus, the 
arrangement of the cotyledons follows the same law as that of the 
leaves in dicotyledonous or exogenous ]fiants, being opposite or verti¬ 
cillate according to the mode of formation of the axis. 

699. The texture of the cotyledons varies. They may be thick, as 
in the Bean, exhibiting only slight traces of venation, with their flat 
internal surfaces in contact, and their backs more or less convex; or 
they may be in the form of thin and delicate laminas, flattened on both 
sides, and having distinct venation, as in Ricinus (fig. 509), Jatroph.a, 
Euonynius, &c. In the former case they are called fleshy, or seminal 
lobes; in the latter, foliaceous, or seminal leaves. 

COO. Cotyledons are usually entire and sessile. But they occasion¬ 
ally become lobed, as in the Walnut and the Lime (fig. 510), where 


Fip. 506.—Embryo of Ilirfoa Salzmanniaim, cut vertically, to show the inequality of the two 
cotyledoDR, -one of which, c, forms almost the whole massot the embiyo. c', '1 he email cotyledon, 
jr, Gemmule or plumule r, Itadicle 

Fiff. 507;—Embryo of Carapa guiaiionsis, cut vertically, to show the union of the cotyledons, 
the dlstiflction between whith is only indicute'l by a fujut line, c r, Uadicle. g, Gemumle. 

Flff. 508.—Embryo of Fir 1. Taken Iromthc sceii. 2. IWumninc to geiminate. r, Kadlcle. 
Cf Cotyledontj, Mhich aie iiumeroub} the plant beiiif.' poljiotjleUoiioua.' 
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the cotyledon, o, has five lobes; or petiolate, as in Geranium molle 
(fig. 511 p ); or auriculate, as in the Ash (fig. 512 o). Like leaves in 
the bud (see Vernation, t 184), cotyledons maybe either applied 
directly to each other (fig. 509), or may be folded in various ways. 
In the Almond (fig. 500) they lie in the direction of the axis. Iji 
other cases they are folded laterally, condvplicate (fig. 513); or from 





apex to base, redinate (fig. 205 a ); or rolled up laterally, so as par¬ 
tially to embrace each other, convolute (fig. 514); or rolled up like the 
young fronds of ferns, eircinate (fig. 515.) In these cases, both cotyle¬ 
dons follow the same direction in tlieir foldings or convolutions ; but, 
in other instances, they are folded in opposite fiirecticms, resembling 
the equitant (fig. 205 m) .and semi-equitant (fig. 205 n) vernation. 

COl. The radicle may be either straight or curved, and, in par¬ 
ticular instances, it gives a marked character to the seed. Thus, the 
divisions of the order Cruciferoe are founded on the relative position 
and folding of the radicle and cotyledons. In the division Pleurorkizeic 

Fig. 609.—Etnbr}"o of Bicimis communis taken out of the seed (sec fig. 48^), and cut trans- 
versclv. TTie two halves arc sepai ated so Ub tojiiiow the two cotyledons, c, applied to each other, 
r, Kndicte. 

Fig 610.—Ktnhrj’o of the Lime, r, Rndiclc. c, One of the divided or piilmato cotyledons. 

Fig. 611.—Embryo of Geranium molle. r, Radicle c, Colyledons attached to tlie collar by 
a stalk or petiole, p 

Fig 612 —Embryo of the Ash. r, Radicle, c, One of the cotyledons, o o, Auricular appen¬ 
dages to the cotyledon 

rig 513.—Embryo of Brassica oleracea, Cabbage, r, Radicle, c. Cotyledon. I. Entire em¬ 
bryo. 2. Embrj'o cut transversely, showing tlio cotyledons folded on the ladiclcorcoiiduiillcetfe 
The radicle is dorsal, or on the back of the cotyledons. 

Fig. 614.—Embryo of Punlca Granatiim, Pomegranate, cut into two halves. The upper liali 
removed to show the cqpvolute cotvlcdona. r, Radicle. 

Fig 615.—Circinate embryo of Bunlas orlentalis. 
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(wXn/{«i, side, and root), the cotyledons are applied by their 
faces, and the radicle (figs. 516, 517 r) is folded on their edges, so as 
to be lateral, while the cotyledons, c, are accumbent (accumbo, I lie at 
the side). In Notorhkew (hutoii, back), the cotyledons (fig. 518 c) 



are applied to each other by their faces, and the radicle, r, is folded 
on their back, so as to lie dorsal, and the cotyledons are incumbent 
{incumbo, 1 lie upon, or on the back). In Orthoploceae {o^66t, straight, 
and TTTiOKos, a plait), the cotyledons are condujdicate (fig 513, 1, 2, c), 
while the r.idicle, r, is dorsal, and enclosed between their folds. In 
other divi.siuns, the radicle is folded in a spiral manner (fig. 515), 
and the cotjdcdons follow the same course. In the Dodder (fig. 50^), 
the embryo appears as an axi.s without divisions, having several turns 
of the spiral on dillerent plane.s. 

602. The seed sometimes is composed of the embryo and integu¬ 
ments alone, the former being cither straight or folded in various 
ways, as already shown. In other cases there is an addition of peri- 
sperm or nutritive matter, in greater or less quantity, according to 
the state of development which the embryo attains (figs. 492, 493, 
494). When the embryo is surrounded by the perisperm on all sides 
except its radicular c.xtreniity (fig. -191,) it becomes internal or intrarius 
(intra, within); when lying outside the perisperm, and only coming 
into contact with it at certain points, it is external or extrarius [extra, 
without). When the embryo follows the direction of the axis of the 
seed, it is axile or axial, and it may be either external, so as to come 
into contact with the perisperm only by its cotyledonary apex (fig. 
519), or internal (tigs. 492, 493, 494). In the latter case, the radicu¬ 
lar extremity may, as in some Conifer®, become incorporated with 
the perisperm apparently by means of a thickened suspensor. When 
the embryo is not in the direction of the axis, it becomes abaxile or 

Fiff. 516.—Kmbryo of a Pea, cut transversely. Upper half .separated to show the fleshy ac¬ 
cumbent cotyledons, c r, liadicle applied lateially. 

Fig 617.—Embryo of Isatis tinctona. c, Accumbent cotyledons, r, Radicle. 1. Embryo 
entire. ‘A Tr«irisv' 0 ’''‘c ‘U '>♦ pUil” "o 

FigJ)18.-1 .1 l-ijiMit (’iKir.iPii'Mv < .‘••i.. Wallflower, c, Incumbent cotyledons, r, Radicle. 
1. isSpWrj'o entire. 2. Tiunsvcrsc section of the embiyo. 
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abaxial (fig. 520 e); and. in this case it maybe either straight or 
curved (fig. 521), internal or external. In the straight seed of 
Grasses, the perisperm is abundant, and the embryo lies at a point 
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on its surface, immediately below the integuments, being straight and 
external. In Campylotropous ovules, the embryo is curved, and in 
place of being embedded in perisperm, is frequently external to it, 
following the concavity of the seed (fig. 522), and becoming pertpAen- 
cal (xejiipEfii), I carry round), with the chalaza situated in the curva¬ 
ture of the embryo. 

603. It has been already stated, that the radicle of the embryo is 
directed to the micropyle, and the cotyledons to the chalaza. In some 
cases, by the growth of the integuments, the former is turned round 
so as not to correspond with the ape.x of the nucleus, and then the 
embryo has the radicle directed to one side, and is called exceniric, as 
is seen in Primulaceae, Plantaginacea', and many Palms, especially the 
Date (fig. 520). The position of the embryo in different kinds of 
seeds varies. In alt cases the radicle or base of the embryo points 
more or loss directly to the micropyle, while the cotyledonary ex¬ 
tremity is directed towards the chalaza. In an orthotropal seed, 
then, the embryo is inverted or antilropal (ctyri, opposite, I 

turn), the radicle pointing to the apex of the seed, or to the part 
opposite the hilum (fig. 521). Thus, fig. 523 represents an ortho¬ 
tropal seed of Sterculia Balanghas, attached to the pericarp, p c, by 
the funiculus, f. The chalaza and hilum are confounded together at 
c h, the micropyle being at the opposite end. The integuments of 
the seed, i, cover the embryo with its perisperm, p s; the cotyledons, 
c, point to the hilum and chalaza; while the radicle, r, points to the 

Fig. 519—Grain of Carex depauperata^ cut rertlcally f, Integuments, r I'erisucrm. c, 
Embryo. 

Fig 620.—Seed or kernel of the Date, p, Porlsperm or homy albumen, e, Embryo 1. En¬ 
tire seed. 2. Seed cut ti-ansvcveely at the point where the embryo, e, is situated 

Fig 521 —'Winged fruit of Rumex, cut vertically, to show the aboxile or abaxiul slightly 
carved embryo. 

Fig. 622.—Carpel of Mirabihs Jalapa, cut vertically, with the seed which It contains, a, Peri¬ 
carp crowned with the remains of the style, i t, Integuments of the seed or spermoderm. 

Peripherical embryo with its radicle, r, and Us cotyledons, c. p, Perisperm or albumen sur¬ 
rounded by the embiyo. 
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micropyle, and the embryo is thus reversed or inverted. Again, in 
an anatropal seed (figs. 493, 494), where the micropyle is close to the 
r —• hilum, and the chalaza at 

!lii I the opposite extremity, 

U'f/ ^ embryo is erect or 

if (I homotropal (Sfioio;, like, 

f, ^ inn I A T^ira, I turn), the 

I '"ell 1 radicle or base of the 

' // ^ i I II embryo being directed to 

I I i\\ i i J \ V) /w, the base of the seed. In 

\ 1\ \ %- --^ ,'7 some anatropal ovules, as 

\ in Castor oil (fig. 483), 

the exostome is thickened 


or carunculate, c, and the endostoine does not correspond exactly to 
it, so that the radicle, e r, of the embryo is directed to a point a little 
removed from the exostome. In curved or campylotropal seeds, 
(fig. 419), the embryo is folded so that its radicular and cotyledonary 
extremities are approximated, and it becomes amphitropal (dftipl, 
around, and rpsTa, I turn). In this instance the seed may be exal- 
buminous, and the embryo may be folded on itself (fig. 524), or al¬ 
buminous, the embryo surrounding more or less completely the 
perisperm, and being peripherical (fig. 522). In fig. 524, 
the seed of Erysimum cheiranlhoides is shown, with the 
chalaza, c h, and the hilum, A, nearly confounded together, 
the micropyle, m, the embryo occupying the entire seed, 
with the radicle, r, folded on the cotyledons, c, which 
enclose the plumule, g. Thus, by determining the position 
of the hilum, chalaza, and micropyle, the direction of the 
embryo may be known. 

604. According to the mode in which the seed is attached 
to the pericarp, the radicle may be directed upwards or 
downwards, or laterally, as regards the ovary. In an 
orthotropal ovule, attaclicd to the biise of the pericarp, it 
Ls superior (fig. 521.) So also in a suspended anatropal 
ovule, as in fig. 483. In other anatropal ovules, as in figs. 492, 604, 
525, the radicle is inferior. When the ovule is horizontal as regards 
the pericarp (fig. 523), the radicle, r, is either centrifugal, when it 



Fig. 623—Orthotropal seed of Sterculia Balaiichas, cut longitudinally, with the portion of 
the pericarp, p c, to which it is attached. /, Funiculus, c A, Chalaza and hilum confounded to- 
cether, <, Inteifumente of the seed, oi Bpermoderm. p a, Perisperm, tho-aummlt of which only 
u seen- c, One of the cotyledons. The other ootjdedon has been removed to show the getn- 
mule, r, Radicle which is directed to the foramen at the apex of the seed. The embryo Is 
autltropal or inverted- 

Flg. 62+.—Campylotropal seed of Erysimum chcirantholdes, cut longitudinally m, Micropyle. 
e hp Chalaza not tar removed from the hilum, A. t, Testa or epispenn. m i, Inner covering of 
the seed or cndopleura. r, Radicle, c, Cotyledons, p, Gemmule. The embryo is curved or 
amphitropal. 

Flff. 625.—Vertical section of the carpel of Trlfflochlu Barrelieri. jp, Pericarp crowned by the 
aeaalTe stigma, a Seed. /. Fuulculua. r, liaphe c, Chalaza. 
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points to the outer wall of the ovary; or centripetal, when it points 
to the axis or inner wall of the ovary. 

9.—Functions of the Seed. 

C05. The seed contains the embryo or germ, which, when placed 
in favourable circumstances, is developed as a new plant. The em¬ 
bryo is usually of a whitish or pale colour, resembling the perisperm 
when present, and sometimes scarcely distinguishable from it at firet 
sight. Occasionally, however, it is of a greenish or yellow hue. 
Instances of this occur in the perispermic or albuminous seed of Euony- 
raus, and the apei'ispenllic or exalbuminous seeds of most Cruciferse. 
The changes which take place in the composition of the seed, and in 
its coats, are with the view of protecting the embryo from vicissitudes 
of temperature, moisture, &c., and of laying up a store of nourish¬ 
ment tor its after growth. The coats become thickened and hardened 
by the deposition of lignine; and in its interior, starch, nitrogenous 
compounds, phosphates, and sulphates, besides oily and fatty matters, 
various organic acids, tannin, and resins, are found. The specific 
gravity of the s|?d is much increased, so that it usually sinks in water, 
and it becomes more capable of resisting decomposition, and preserv¬ 
ing the vitality of the embryo. In some instances where air is con¬ 
tained in their envelopes seeds float in water. 

G06. When seeds are matured, they are detached from the plant in 
various ways. They separate from the funiculus at the hilum, and 
remain free in the cavity of the pericarp, which either falls along with 
them, or opens in various ways so as to scatter them. The elasticity 
with which some seed-vessels open during the process of desiccation 
is very great. It may be seen in Hura crepitans. Common Broom, 
and Cardamine. In the Geranium (fig. 4,55), the seed-vessels are 
coiled upwards on the elongated beak, and in this way the seeds are 
dropped. In the Cyclamen the peduncle curves towards the earth so 
as to place the seed-vessels in a position suitable for germination. In 
the succulent fruit of Momordica Elaterium, or squirting Cucumber, 
the cells vary in their size and contents in diflferent parts; some con¬ 
taining thick matter become distended at the expense of others with 
thinner contents, and the force of endosmose ultimately causes rup¬ 
ture of the valves at their weakest point, viz., where they are united 
to the peduncle. When this takes place, the elasticity of the valves 
sends out the seeds and fluid contents with great force through the 
opening left by the separation of the peduncle. In the Impatiens or 
Balsam, the seed-vessel opens with force by. a similar process, the five 
valves curving inwards in a spiral manner, in consequence of the dis¬ 
tension of the outer large cells. The seeds are discharged before they 
are dry. In the case of Mignonette (fig. 479), the seed-vessel opens 
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early, so as to expose the seeds; and in Cuphea, the placenta pierces 
the ovary and floral coverings early, so as to render the seeds naked. 
Fleshy fruits, which fall from the tree when ripe, supply by their suc¬ 
culent portion the most suitable nutriment for the young embryo in 
its earliest stages of growth. 

607. Wind, water, animals, and man, are instrumental in the dis¬ 
semination of seeds. Some seeds, as those of Mahogany, Bignonia, 
Tecoma, Pine, Asclepias, Epilobium, and the Cotton plant, have winged 
or feathery appendages, by means of which they are wafted to a dis¬ 
tance. Tiie same thing occurs in some indehisccnt seed-vessels, as 
the samara of the Sycamore and Ash, and the achoenia of Dandelion, 
Thistles, &o. Moisture, as well as drjness, operates in the bursting of 
seed-vessels. The pod of the Anastatica, or Rose of Jericho, and the 
capsule of some Mesembryanthcmums, exhibit the effects of moisture 
in a remarkable degree. Animals, by feeding on fleshy fruits, the 
kernels of which resist the action of the juice of the stomach, dis¬ 
seminate seeds; and man has been the means of transporting seeds 
from one country to another. In some cases, the pericarps ripen 
their seeds under ground, and are called h/ipocarpogean (fs-o, under, 

fruit, and -yia,, earth). 'I'his is seen in the Araohis hypogsea, 
or Ground nut. Others, as Vicia amphicarpos, have both aerial and 
subterranean fruit. Many seeds are used for food by animals, and a 
great destruction of them takes place from decay • but this is compen¬ 
sated for by the vast number produced, so as to secure the continu¬ 
ance of the species. The quantity of seeds produced by many plants 
is very great. In single capsules of Poppy and Tobacco, upwards of 
i0,000 have been counted. 

608. GerminaUon.— The act by which the embryo of a seed leaves 
its state of torpidity, and becomes developed as a new plant, is called 
germination (genninatio, springing). In order that this process may go 
on, a certain combination of circumstances is necessary. The chief 
requisites are moisture, air, and a certain temperature. Exclusion 
from light is also beneficial. In Cotyledonous plants germination 
may be defined as the act by which the fecundated embryo of a seed 
leaves the state of torpor in which it has remained for a longer or 
shorter period, starts into life, as it were, comes out from its envelope, 
and sustains its existence until such time as the nutritive organs are 
developed 

609. Moisture is necessary in order that the nutritive matters may 
be taken up in a state of solution, and that certain changes may take 
place in the seed. Dry seeds will not germinate. Until water be ab¬ 
sorbed no circulation of fluids in the seed can take place. The 
quantity of water absorbed by seeds is often very large. Decandolle 
found that a French bean, weighing 544 millegrainmes, absorbed 756 
of f^ter. The swelling of Peas by absorption of water is familiar to 
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all The kernels or seeds by this means are enabled to burst their 
stony coverings. 

610. The temperature required for germination varies in diflFerent 
seeds Some demand a tropical heat, others are satisfied with tlie 
warmth of our spring. In general, the requisite temperature may be 
said to vary from 60° to 80° F. Some seeds can bear a temperature 
which would kill others. Some have been known to germinate after 
exposure fur a short time to the heat of boiling syrup, others after 
exposure to a cold of —39“ F, Many plants grow in the immediatse 
vicinity of very hot springs, others in cold regions. Edwards and 
Colin, from their experiments, were led to fix 95“ F. as the highest 
limit of prolonged temperature which cereal grains can bear in water; 
and 113° F as the highest they can bear in sand or earth. Vegetable 
life has been observed progressing under much higher temperatures. 
In the Manilla Islands, a hot spring which raised the thermometer to 
187“ had plants flourishing in it and on its borders. A species of 
Chara grows in the hot springs of Iceland, and various Confervie 
in the boiling springs of Arabia and of the Cape of Good Hojie. 
Wheat, Oats, and Barley, are said to thrive in any country where the 
mean temperature exceeds 65“ F. The spores of certain cryptogarnic 
plants are especially fitted for cold countries. Edwards and Colin 
fbund that seeds in a dry air bore a higher temperature than in water 
or steam. 

611. Air, or rather oxygen, was shown by Scheele to be necessary 
for germination. Seeds deeply buried in the soil, and excluded from 
air, do not spring. The depth at which seeds should be sown, varies 
tfom half an inch to two inches, according to the nature of the soil 
Tiie following experiments were made by Petri:— 


Seed SOW) to the 
tleptli of 

inch . 

1 — . 

2 — . 

Came above ground 
in 

.12 — . 

. 18 — ... 

Ko of plants that 
catno up. 

. all. 

a — . 

.20 . 


4 — . 

. 21 . 


5 — . 

.. 22 — . . . 


6 — . 


. l-8th. 


Shallow sowing is thus proved to be the best. 

612. Seeds, when buried deep in the soil sometimes lie dormant 
for a long time, and only germinate when the air is admitted by 
the process of subsoil ploughing, or other agricultural operations. 
When ground is turned up for the first time, it is common to see a 
crop of white clover and other plants spring up, which had not been 
previously seen in the locality. After the great fire in London, plants 
sprung up, the seeds of which must have long lain dormant ; and the 
same thing is observed after the burning of forests, and the draining 
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of marshes. Gardner says that the name capoeira is given in Brazil 
to the trees which spring up after the burning of the virgin forests 
(jmtos virgens and capoes), and that they are always very distinct 
from those which constituted the originnl vegetation. Mr. Vernon 
Harcourt mentions a case where turnip seeds lay in a dormant state 
for seven or eight years, in consequence of being carried down to a 
great depth in the soil. On the Calton Hill, at Edinburgh, when 
new soil was turned up some years ago for building, a large crop of 
Fumaria micrantha sprung np; and seeds gathered from under six 
feet of peat-moss in Stirlingshire have been known to germinate. Mr. 
Kemp mentions the germination of seeds found at the bottom of a 
sand-pit 25 feet deep, which he concludes, from various circumstances, 
to have been deposited more than 2000 years ago. The seeds were 
ferinaceous, belonging to the natural order Polygonaceae. A weak 
solution of chlorine is said to accelerate germination, probably by the 
decomposition of water, and the liberation of oxygen. 

613. Darkness is favourable to germination. Seeds germinate best 
when excluded from light. M. Boitard showed this by experiments 
on Auricula seeds, some of which were covered by a transparent bell- 
jar, others by ajar of ground glass, and a third set by ajar enveloped 
in black cloth. The last germinated most rapidly. Senebier con¬ 
cluded that the height and size of a plant were proportionate to the 
intensity of the illumination, its verdiue dependent on the quality 
of the rays. Mr. Hunt says that the luminous or light-giving rays, 
and those nearest the yellow, have a marked efiect in impeding 
germination ; the red or heat-giving ray.s arc favourable to the pro¬ 
cess, if abundance of water is present; while the blue rays, or those 
concerned in chemical action or aolinwn, accelerate the process and 
cause rapid growth. His experiments were performed by making the 
sun’s rays pass through different kinds of coloured glass. He believes 
that the scorching effect of the sun on leaves may be prevented by 
the use of blue glass, and that a high temperature might be obtained 
by red glass. He has suggested a pale-green glass made with oxide 
of copper, as that best fitted for conservatories. By this means he 
expects that the scorching rays of light will be excluded, while no 
hindrance is given to the passage of the others; the green colour 
being a compound of yellow or luminous, and of blue or chemical rays. 
A delicate emerald-green glass ha.s* been employed lately at his sug¬ 
gestion, in glazing the large Palm-house at Kew 

614. Some have said that electricity prevents germination, but facts 
are wanting to confirm this The experiments of Dr Fyfe,* Mechi, 
Coventry, and others, have shown that the statements made in regard 
tSSjfee efficacy of electro-culture are erroneous. 

In order that plants may . germinate vigorously, moisture, 

* See Trans, of Soc. of Ai ts, vol. lil part li. p. 109. 
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heat, and air must be supplied in due proportion. If any of them are 
deficient, or in excess, injury maybe done. It is of great importance, 
therefore, in agricultural operations, that the ground should be well 
pulverized, the seeds regularly sown at a proper and equal depth, and 
the soil drained. Pulverized soil, when examined, is found to consist 
of small p.articles having cavities in their interior, and separated from 
each other by interstitial spaces. In a very dry soil, all these cavities 
are full of air, in a very wet undrainod soil, they are full of moisture; 
while in a perfectly drained soil, the interstices are full of air, while 
the particles themselves are moist. The seed in such a soil is under 
the influence of heat, air, and moisture, and is excluded from Tight. 
Hence it is in very favourable circumstances for germination. Frost 
has an important efl’ect in pulverizing the soil, by the expansion of 
the water contained in the particles, when it is converted into ice. 
Snow again, acts in giving a covering to the young plant, protecting 
it from intense frost and sudden alternations of temperature, and by 
its slow melting allows (be jilant to accommodate itself to the mild 
atmosphere. Snow contains often much oxygen. 

G16. 11 a field is not equally planted, the seeds will sink to dif¬ 
ferent depths, and will spring up very itreguhirly. The seeds should 
be placed at a depth not gretiter than two inches. Lhaining acts not 
merely in removing supc-rQuous moisture, but in allowing a constant 
renewal ol nutritive matter, more especially of ammonia and carbonic 
acid from the atmosphere, in giving a sujiply of air, and in keeping 
up a proper temperature in the soil. In an undrained soil the water 
is stagnaul, and there is little supply of Iresh nutriment, and much 
cold is produced. Of ^pte thete has been a discussion as to whether 
shallow or deep draining is the best. Much depends on the nature of 
the soil, and it is impossible to lay down any fixed rule applicable to 
all case.s. Jlr. Smith stiys that drains in very stiff soils should be 
fifteen feet apart, and m very light soils thirty or forty; the depth 
being from thirty to thirty-six inches, and the main drains six inches 
deeper than the parallel ones, lu extremely stiff clays, he makes 
drams two and a-hall feet deep. He was the first to advocate the 
system of parallel drains, or what is called thoTOugh-dTuiulug* 

617. Vitality or Some seeds lose their vitality soon, others 

retain it for a long time. Coflee seeds, in order to grow, require to be 
sown immediately after ripening. On the other hand. Melon seeds have 
been known to retain tlieir vitality for upwards of forty years, and 
those of the Sensitiyo plant for more than sixty years. Oily seeds iti 
general lose their vitality quickly, probably from their power of ab¬ 
sorbing oxygen, and the chemical changes thus induced. Considerable 
discussions have taken place as to the length of time during which 
seeds will retain their germinating powers. Lindley mentions a case 
in which young plants were raised from seeds found in an ancient 
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barrow in Devonshire, along with some coins of the Emperor Hadrian; 
and M. des Moulins relates an instance of seeds capable of germinat¬ 
ing, which were discovered in a Eoman tomb, supposed to be 
fifteen or sixteen centuries old. In these instances, it is to be re¬ 
marked, that the seeds were protected from the influences required for 
growth, and were preserved in circumstances which cannot be easily 
imitated. There seems to be great doubts as to the seeds found in 
the catacombs of Egypt, and in mummy cases, having actually 
produced living plants. The statements relative to Mummy 
Wheat have not been confirmed, and there are many sources of 
fallacy. 

618. With the view of preserving seeds, it is of importance that 
they should be thoroughly ripened, kept in a uniform temperature, and 
in a dry state, and not directly e.xpo.sed to the oxygen of the air. 
They are often best kept in their seed-vessels. The hard coverings of 
many foreign legumes, and of the cones of Firs, &c., seem to be of im¬ 
portance in preserving the germinating power of seeds. Seeds not 
fully ripened are very apt to decay, and are easily affected by moisture. 
Seeds, although fit for food, may have lost tlieir germinating power. 
Corn, pulse, and farinaceous seeds generally will live for a long time 
if gathered ripe, and preserved o_uite dry In sending seeds from 
foreign countries, they should be put into dry papers, and exposed to 
free ventilation in a cool place; as, fi'r instance, in a coarse bag sus¬ 
pended in a cabin. Oily seeds and those containing much tannin, as 
beech-mast, acorns, and nuts, must not only be ripe and dry, but also 
must be excluded from the air. When transp )rted, they are often put 
into dry earth and sand, and pressed hard, or preserved in charcoal 
powder, the whole being covered with tin, and put into a stout box. 
Some have suggested their preservation in hormctically-sealed bottles 
full of carbonic acid gas. Seeds enveloped in wax sent from India 
germinated well. They had been kept for three months, and were 
quite firm and fresh. They did not sprout for a month, but afterwards 
grew strong and healthy. Seeds sent in cotton and brown paper had 
grown considerably in their transit, and, when potted, grew fast, but 
soon displayed symptoms of debility. Spanish chestnuts and filberts 
have been sent enveloped in wax to the Ilimalayahs, and are now 
growing there. Cuttings of fruit trees, with their ends enveloped in 
wax, were also sent, and arrived in a living state. In this way also, 
apples, pears, and plums have been sent. 

619. M. Alphonse Decandolle made experiments on the vitality of 
seeds. He took 368 species of seed, fifteen years old, collected in the 
same garden, and sowed them at the same time, and in the same 
circumstances as nearly as possible. Of the 368, only seventeen ger¬ 
minated, and comparatively few of the species came up. The following 
ate the results 
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Per cent 


Malvaces. 



,.10 species. 

...0-50 

Leguminos®. 


.9 — . 

.45 — . 

...0’20 

Labial m. 


.1 - — . 

.30 — . 

...0-03 

Scrophulariacctc. 


.0 — — . 

.10 — . 

...0-00 

Umbelliferfe. 


.0 

.10 — . 

.. 0-00 

(’arvoplivllaceaj.. 


.0 — — . 

.16 — . 

...0-00 

GramineiC. 


.0 — 

.32 — . 

...0-00 

Oruciferte.. 


.0 — — . 

— . 

...0-00 

Composite. 


.0 — — . 

.45 — .. 

...0 00 

In 357 species, of 
were: — 

which 

the duration of life was 

known, the results 

Per cent. 






Biennials. 


.0 ‘ — .. 

. 28 ■— ., 

.... 0-0 

Perennials. 


.. i — — . 

.105 — ., 




•> _ _ 

. 41 

.C-7 

or it may be thus 

given- 

It: 

o57 

4-4 

Per cent 

Monocarpio. 



208 species. 

.4-3 

Poljcarpic*. 



M'J — . 

.4-7 


IG 357 4'4 ■ 


620. Woody species thus seem to preserve the power of germinat¬ 
ing longer than others, wljile biennials are at the opposite end of the 
scSe; perennials would appear to lose their vitality sooner than an¬ 
nuals. Large seeds were found to retain the germinating power longer 
than small ones, and the presence or absence of separate albumen or 
perisperm did not seem to make any dilTcrenco. Compositse and Um- 
belliferce lost their germinating power very early. From these experi¬ 
ments, Decandolle concludes that the duration of vitality is frequently 
in an inverse proportion to the rapidity of the germination. This 
subject has been investigated by a committee of the British Associa¬ 
tion, under the direction of Prol'essor Daubeny. 

621. Chemical changes daring Cicrmlnailan. —During the process 
of germination, certain changes take place in the contents of the seed, 
by which they are rendered fit for the nourishment of the embryo. 
In exalbuminous or aperispermic seeds, where the embryo alone 
occupies the interior, these changes are effected principally in the mat¬ 
ters stored up in the cotyledons. In albuminous or perispermic seeds, 
on the other hand, the changes occur in the substance of the perisperm. 
One of the most remarkable of these changes is the conversion of starch 
into dextrine and grape sugar by a process of oxidation, the object 
being the conversion of an insoluble into a soluble substance. A 
nitrogenous compound, called Diastase (1 310), is developed during 

• tor an explanation of these terms, see f C3A 
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germination, and is said to act on the starch. This diastase may be 
probably a portion of gluten passing into a state of decomposition, and 
acting as a ferment. The change of starch into dextrine and sugar is 
referred by chemists to catalytic action, or the action of contact, and 
to the influence exercised by diastase and other matters in making a 
new arrangement of the molecules. While this conversion of starch 
into sugar proceeds, oxygon is absorbed, carbonic acid is given off, 
and heat is produced. It is probable that at this period there is a 
certain amount of electric disturbance. Carpenter states that the 
conversion of the starch of tlie seed into sugar involves the liberation 
of carbonic acid, with a small quantity of acetic acid ; and as all acids 
are negative, and like electricities repel each other, it is probable that 
the seed is at the time in an electro-negative condition. The pheno¬ 
mena of gerniination are well seen in the malting of barley, which 
consists in the sprouting of the embryo and the formation of sugar. 
The changes produced in the air by germinating seeds have been 
investigated by Saussure, who .showed tliat in all cases carbonic acid 
was evolved at the expense of the carbon of the seed. 

622. When all the requisites for germination are supplied, the seed, 
by the absorption of moisture, becomes softened and swollen. When 
albumen or the perisperm is present, it undergoes certain chemical 
changes by the action of the air and water, so as to be rendered fit for 
the nutrition of the embryo. These ch.anges consist partly in the con¬ 
version of starch into sugar, and are accompanied with the evolution 
of carbonic acid, and the production of heat. As the fluid matters are 
absorbed by the cells of the embryo, the latter continues to increase 
until it fills the cavity of the seed, and ultimately bursts through the 
softened integuments. In cases where there is no perisperm, the exaK 
buminous embryo occupies the entire seed, and the process of germi¬ 
nation goes on witli greater rapidity. The embryo speedily swells, 
ruptures the integument, and is nourished at the expense of the 
cotyledons, whicli are often fleshy, containing much starchy matter, as 
in the Bean and Pea, along with oily matter, as in the Nut and Kape 
seed. There are thus two stages of germination—that in which the 
embryo undergoes certain changes within the seed itself, and that in 
which it protrudes through the integuments and becomes an indepen¬ 
dent plant. 

623. The embryo, then, nourished at the expense of its perisperm 
and cotyledons, continues to grow, and usually protrudes its radicular 
extremity (fig. 526, 1) in the first instance, which is nearest the 
surface, and next the micropyle. This, which in the embryo is very 
short, and confounded with the cauliculus so as to form the first 
internode, becomes thickened by addition to its extremity (fig. 526, 2], 
and the division between the ascending and descending axis becomes 
more marked. The caulicule or axis also elongates, bearing at its 
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summit the plumule, which now appears outside the integuments (fig. 
526, 3, g), forming the second internode, either accompanied by the 
cotyledons, or leaving them stil( within 
the seed coats. In the latter case, the 
cotyledons are usually fleshy and of a 
pale colour, and become gradually 
absorbed like the perisperm. In the 
former they assume a more or less leafy 
aspect, exercising the functions of leaves 
for a certain period, and ultimately 
decaying. While the radicle descends 
towards the centre of the earth, producing roots of a pale colour, the 
plumule has a tendency to ascend, forming the leafy axis, and assuming 
a green colour under the influence of light and air. 

624. i>ii‘«cUou of Plumule niid Radicle. —Various attempts have 
been made to explain the ascent of the plumule, and the descent of 
the radicle, but none of them are satisfactory. PJiysiologists have not 
been able to detect any law to which they can refer the phenomena, 
although certain agencies are obviously concerned in the effects. 
Some have said that the root is especially influenced by the attraction 
of the earth, while the stem is influenced by light. Experiments have 
shown that the direction of the root is not owing to the moisture of 
the soil, and that the ascent of the stem is not duo to the action of 
light and air; for roots descend, and stems ascend, even when the 
latter are placed in contact with the earth, and the former submitted 
to the action of light. Knight thinks that the dn-ection of stem and 
roots may be traced to gravitation, and the state of the tissues. When 
a branch is horizontal, the fluids gravitate towards the lower side ; a 
vigorous growth takes place there; the tissues enlarge, and, by 
increasing more th.an those on the upper side, an incurvation is pro¬ 
duced, the convexity of which looks downward.s, and thus the extremity 
of the branch is directed upwards. Again, in the root the increase 
takes place by the extremity, and the fluids by their gravity cause this 
to retain always a descending direction. A similar explanation is 
given by Dodart. Dutrochet refers the phenomena to endosraose, 
which varies in its effects according to the comparative size of the cells 
in the centre and circumference of an axis. In young stems with 
large pith, the central cells aio larger, and they diminish towards the 
circumference, whereas in roots, according to him, the diminution 
takes place in the reverse manner. Large cells distend more rapidly 

Fig. 526 -C 
SpcriT 
Gemn 
and a 
furtln 

spermoderm. 3. Third etaffe* wheie the embryo is entirely disenRiiffed from the 
spennoderm, and the cot;Icdons, c c, arc separated so oa to exhibit the plumule, ff 
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than small ones; and, according to their position in the axis, will thus 
cause curvature outwards or in’,vards> the largest occupying the con¬ 
vexity of the arch, the smallest the concavity. When a branch or root 
is laid horizontally, the force of endosmose is weakened on the lower 
side, and, consequently, will cease to neutralize the tendency to incurva¬ 
tion on the upper side, which will therefore be directed either upwards 
br downwards, according to the position of its layers of small cells,— 
in the case of a branch with large central cells, curving upwards; and 
in the case of a root with larger hemispherical cells, downwards. 

625. These explanations do not appear, however, to be altogether 
satisfactory. It is known that the stem is directed upwards, the root 
downwards, but, as yet, physiologists have not been able to ascertain 
the laws which regulate them. The tendencies of the root and stem 
are not easily counteracted. When a seed is planted in moist earth, 
and suspended in the air, the root will, in the progress of growth, leave 
the earth and descend into the air in a perpendicular direction, while 
the stem will pass through a quantity of moist earth in an upward 
direction. If their positions are reversed they wiU become twisted, so 
as to recover their natural positions. 

626. The effect of light on the stem may be illustrated by the 
growth of plants in circumstances where a pencil of light only is 
admitted on one side. Dr Poggioli of Bologna was the first who 
observed tbe influence exercised by the rays of the spectrum in causing 
flexion of plants. Experiments on tliis subject have been made by 
Payen, Dutrochet, and Gardner. They consider the blue rays as 
those which have the greatest effect on the plumule. Hunter observed, 
that if a barrel filled with eartli, in the centre of which are some 
beans, be rotated for seveial days liorizontally, the roots pointed in a 
direction parallel to the axis of rotation Knight* put Mustard seeds 
and French beans o1! the circumference of two wheels, which were 
put in rapid motion, the one in a horizontal, and the other iu a vertical 
manner; and he found that, in the former, the roots took a direction 
intermediate between that impressed by gravitation and by die centri¬ 
fugal force, viz., downwards and outwards, while the stems were 
inclined upwards and inwards. In the latter, where the force of gravi¬ 
tation was neutralized by the constant change of position, the centri¬ 
fugal force acted alone, by which the roots were directed outwards, at 
the same time that the stem grew inwards. To explain these results, 
there must be allowed—1. A more or less liquid condition of the new 
parts of the young plant. 2. A different density in the different parts 
of the latter. 3. A tendency of the denser parts of new plants, during 
germination, towards the root. On tbe vertical wheel, the parts of the 
young plants submitted to the centrifugal force only, had their roots 
or ^nsest parts at the circumference. On the horizontal, the effect 

* See Knight’s Horticultural Papers, London, 1841, p. 124. 
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was intermediate between centrifugal force and gravity. Tlie upper 
aide of leaves is under the .influence of light in a marked degree, 
for, when placed in the reverse position by the turning of a branch, 
they twist round so as to resume their natural exposure. During 
darkness, on the contrary, many leaves fold in such a way that their 
lower surface is exposed. Some plants grow indifferently in ail direc¬ 
tions at the period of germination. The Mistleto and other parasites 
direct their radicles towards the centre of the tree or plants to which they 
are attached, while the plumule grows perpendicularly to the surface. 

627. Monocotyicdonop* ^termination.— In Monocotyledons, there is 
generally a perisperm present, often in large quantity, and in them 
the cotyledon remains more or less within the seed at the period of 
germination. The intra-semin.al portion of the cotyledons, as in C.anna, 
and especially in the Coco-nut, becomes developed as a pale cellular 
mass, which increases much, and absorbs the nutriment required for 
the embryo. In some Monocotyledons the perisperm disappears 
entirely; in others, as in the Phytoleplnis or Ivory Palm, while certain 
soluble matters are removed, the perisperm still retains its original 
form. The intra-seminal part may be said to correspond to the limb 
or lamina of the cotyledonary leaf. The extra-seminal portion, corres¬ 
ponding to the petiole, becomes often much elongated, as in the 
double Coco-nut, and ends in a sheath which envelopes the axis or 
cauliculus, and the plumule. Sometimes, however, there is no marketl 
elongation of the cotyledon, the sheath being at once formed on the 
outside of the seed, so that the plumule and radicle are, as it were, 



sessile on its surface. These phenomena are welt seen in Canna indica 
(fig. 527), where e is the envelope of the seed; p, the perisperm or 

...W*' periepermlc scea of Canna indica. The seed i» 


«=pii.»veu nee » im or qpcrcuium, to allow the passage of the radicle, p, Pm-lsperm or 
or young root, t'r'. Secondary radicles c o, Coloorhlza or 
Aneatu of the /, Slit indicating the position of the ffcnimule; at this slit an elungat^ 
aneatn, t», is protrudM. p c, Harrow portion ot the cotyiedon (corresitonding to the petiolary 
jwrtlon), intennediate between Its enlarged portion, c, (correspondnic to tJie lamina or limb of 
the leaf), t^d its sheathing or vaginal portion, v. t. Tigcllus or cauliculua a, Gcmroulo or 
piumtue. 1 first stage. In which the raddle, r, begins to atipcar througli the mtegunients or 
spermoderm. 2. Second sta^, where the 8lii,X is seen also on the outci surface, Indicating the 
situation of the gemroule. The true radicle, r, has pierced the envelope of the seed, and at its 
Dw snoiw a raall sheath orcolcorhiza One of the sm^ radicles, r', fe also seen with a coleor- 
iitia. 8. Tiilrd stage, when all the parts are more developed, and the geiiimule, g, appears on 
the outside of the slit,/, the edges of which are prolonged In the form of* sheatn or vagUta, o. 
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albumen; c, the intra- seminal portion of the cotyledon, which absorbs 
the nourishment; p c, the petiolary or extra-seminal portion of the 
cotyledon, which varies in length, and may be wanting; v, the sheath¬ 
ing portion of the cotyledon, from a slit in which, /, the plumule, g, 
protrudes, supported on the axis or cauliculus, t ; while the radicles, 
r and /, pierce the integument at the base, and are each covered with 
a separate sheath, e o, called coleorhiza (fig. 124). In aperispermic 
Monocotyledons, as Alismaceso and Potamere (fig. 505), the cotyledon 
does not remain within the seed, but is raised above the ground, c, 
giving origin to the plumule, g, which is at first enclosed in its sheath. 

628. Thus the cotyledon follows the development of leaves. Its 
limb is first produced, and is either pushed above ground, or is con¬ 
fined within the seed. In the latter case it is arrested in its progress; 



subsequently, a sheath is formed which may either be a direct con¬ 
tinuation of the limb, or may be separated from it by a petiolary 

^'ig. 528 .—Germination of tiie dicotyledonous embryo of Acer Negundo. CoUuro, collar or 
neck, r, Koot. t, Caulicule or stem, c c. Cotyledons, ff, GcmmnJe or plumule. 

Rg. 529.—Upper part of the same embryo more developed, c c, Cotyledons, ff, Gemmulei, the 
first Wvc8 of which are already expanded, Caulicule or stem. 

Fig. 530.—Acotyledonous embryos or spores of Marchantia polymorpba, germinating. 1. Spore 
In the early stage Of germination. 2. In a more advanced stage Tlie spores are simple cells, 
which elongate during genninatlon at some point of their surfiace. They ai'O hoterorhkal. 
They may be compared to hal^pd embryos rather than to seeds. 
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portion. When the limb is confined in the seed, and ceases to be 
developed, the sheath often continues to grow, forming a marked 
covering of the axis. The roots in Monocotyledons during germina¬ 
tion (fig. 124 r r), pierce the radicslar extremity of the embryo, and 
become covered with sheaths or coleorhizas, c c, formed by a super¬ 
ficial layer of cellular tissue. As the radicular extremity thus remains 
within the embryo, and sends out radicles from its surface, the plants 
are said to be endorhizal {hiou, within, and pi^ee, a root). See IT 127. 

629. Dicotyledonous ^termination. —In Dicotyledons, the cotyledons 
generally separate from the integuments, and either appear above 
ground in the form of temporary leaves (figs. 528, 529 c c), which 
differ in form from the permanent letives of the plant (fig. 529 g), or 
remain below as fleshy lobes. In the i'oi-incr case they are eptgeal 
{ia-1, upon or above, and yt'a, the earth), in the latter case (as in 
Beans, Araohis, &o.), they are liypogcal {C-jro, under). The cotyledons 
usually separate, but sometimes tliey are united, and appear as one. 
In all cases, the j)lumule (tigs. 528, 529 g) proceeds from between the 
two cotyledons, and does not pierce through a sheatii as in monocoty¬ 
ledons. The root (fig. 528 r) is a direct prolongation of the axis, t, 
in a downward direction, separating from it at the collar, m, and the 
embryo is here exorhizal {tlu, outwards). See ^ 126 

In Acotyledons, the spore (lig. 530) has no separate embryo in its 
interior, but germinates ti-oni any part of the surface; hence it is called 
helerorhizal (i'rctof, diverse). See if 128. The spore may be considered 
as a cellular embryo rather than a seed. 

630. Some seeds commence the process of germination before being 
detached from the plant. This occurs in a remarkable degree in the 
Mangrove trees, or Khizophoras, which grow at the mftldy mouths of 
rivers in warm climates. Cooo-nucs often begin to germinate during 
a voyage from the tropics to Britain, and germinating seeds have 
been ibund in the interior of Gourds, as well as the fruit of Carica 
Papaya, the Papaw. 

631. i*roiif«ron* Plant*. —In place of seeds, some plants jiroduce 
buds which can be detached and produce separate individuals. 
Flowers which arc thus changed into separable buds, are called pro¬ 
liferous {proles, offspring, and fero, I bear), or viviparous {viviis, alive, 
and ytaifo, I produce). They are met with in many alpine grasses, 
as 1 estuca ovina, var. vivipara, Aira emspitosa, var, alpina, Poa alpina, 
&c.,as well as in Alliums, Triloliums, and Feins. Buds of a similar kind 
may be produced on the edges, or in the avil of leaves, as in Byro- 
phyllum calycinum, Malaxis paludosa, many species of Gesnera, 
Gloxinia, and Achimenes ; and the bulbils of Lilium, Ixia, and Deutaria, 
seem to be peculiar forms of buds, capable of being detached, and of 
assuming independent growth. Buds, howex er, differ from embryos of 
seeds in the direction of the roots being towards the axis of the plank 
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632. The length of time required for the protrusion of the radicl.- 
varies in different plants. Some seeds, as garden cresses, germinate ii 
the course of twenty-four hours, others require many days or many 
months. Seeds with hard coverings, or a stony perisperm, may lie 
dormant in the soil for a year or more. The following experiments 
were made in the Geneva garden, on seeds similarly watered, and ex¬ 
posed to a medium temperature of 63° F. It was ascertained that 
one-half of the species of the following families germinated after the 
lapse of the number of days here mentioned:— 


Amaranthaceie,......... 9 days. 

Crucifer®,......10 > 

Boraffinaee®, Caryopliyllaceie, ChenopoJiace®, Malvacc®,.11 —* 

Corapo.?it®, Convolvulace®, riantaginacc®,.12 — 

Polygoiiaceaj,...13 — 

Campatiulace®, Legumiuos®, Valeriauacc®,...,14 —. 

Gramme®, Labiat®, Solaiiace®,.16 — 

Bosaccae,. 17 — 

Ranunculace®,. 20 — 

Autirrhiuums, Oiiagrariace®.. 22 — 

• Umbellifer®,..,., . ,...,,..,,....23 — 


Temperature has a great effect in accelerating germination. Thus, 
Erigeron caucasicum, at a temperature varying from 49° to 53°, ger¬ 
minated in ten days; at a temperature from 66° to 72°, in two days; 
Dolichos abyssinicus, at the former temperature, in ten days, at the 
latter, in three; Zinnia coccinea, in twenty-two, and five days respec¬ 
tively. 

633. Duration of the T.ifr of Plants.— Plants, according to the 
duration of their existence, have been divided into annual, biennial, 
and perennial.''^ The first of these terms imports that the seed ger¬ 
minates, and that the plant produces leaves and flowers, ripens its seed, 
and perishes within twelve months; the second, that a plant germinates 
and produces leaves the first year, but does not produce a flowering 
stem, nor ripen its seed, till the second, after which it perishes; while 
the third intimates, that the process of flowering and fruiting may 
be postponed till the third year, or any indefinite period. The first 
two exercise the function of flowering in general only once, while 
the last may do so several times before dying. Under different climates, 
however, and under different modes of management, the same species 
may be annual, biennial, or even perennial. Thus, Wheat in this 
country is annual if sown early in spring, but biennial if sown in 
autumn; in hot climates, Lolium perenne proves annual; the Castor- 
oil plant in this country is annual, while in Italy it is a shrub of several 
years’ duration; the annual Mignonette, by removing its flower-buds 
the first year, and keeping it in a proper temperature during the winter, 
be rendered perennial and shrubby. Many flowering garden 
{tots, as Neapolitan Violet and Lily of the Valley, may be brought 
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into flower at a late period of the year, by pinching OS' the blossoms 
in the early part of the season. 

634. Plants as regards their flowering and fruiting, have also been 
divided into monocarpic ( i*oki(, one, and Kct^To;, fruit), or those which 
flbwer once only and then die; and polycarpic (B-oAvf, many), or those 
which flower and fruit several times before the entire plant dies. Tlius, 
annuals and biennials, which flower the first or second year and die, 
as well as the Agave, and some Palms which flower only once in forty 
or fifty years, and perish, are monocarpic; while perennials are poly¬ 
carpic. Some perennial woody plants live to a great age. Some 
specimens of Adansonia digitata, the Baobab of Senegal, are said to be 
more than 5000 years old. The Yew, the Oak, the Lime, the Cypress, 
the Olive, the Orange, Banyan, and Chestnut, often attain great 
longevity. * 

635. The following is a notice of the size and age of some trees;— 


Height to which forest trees grow in France... 120 to 130 feet. 

Height to which forest trees grow in America. 150 to 260 — 

Height of specimens of Wellingtonia gigantea.450 — 

Trunks of some Baobabs have a girth of. 90 — 

Trunk of Dracaena of the Canaries has a girth of. 45 — 

That of an Acer in South Carolina has a girth of. 62 — 

In Franco trees have often a girth of. 25 to 30 — 

Oaks in Britain planted before the Conquest, mere than . 800 years old 

Yew at Fountain’s Abbey, Ripoii . 1200 — 

Yews in churchyard of Crowhurst, Surrey . 1460 — 

Yew at Fortingal, Perthshire.2500 to 2600 — 

Yew at Hedflor, Bucks, 27 feet diameter. 3200 — 


A specimen of Ficus mdica, or the Banyan, on an isl%pd in the river 
Nerbudda, is believed to be identical with one that existed in the time 
of Alexander the Great, and which, according to Nearchus, was then 
capable of overshadowing 10,000 men. Parts of it have been carried 
away by floods, but it can shade 7000 men, and the spread ofits boughs, 
measuring its principal trunk only, is 2000 feet. TTie chief trunks of 
this tree greatly exceed our English Oaks and Elms in thickness, and 
are above 350 in number. The smaller stems are more than 3000 in 
number. 

636. The Maronites believe that some Cedars near the village of' 
Eden in Lebanon, are the remains of the forest which furnished Solo¬ 
mon with timber for the temple, full 3000 years ago. These Cedars 
were visited by Belonius in 1550, who found them twenty-eight in 
number; Eawolf, in 1575, makes them twenty-four; Dandini, in 
1660, and Thevenot, about fifty years after, make them twenty-three; 
Maundrell, in 1696, found them reduced to sixteen; Pococke, in 
1736, found fifteen standing; in 1810, Burckbardt counted eleven or 
twelve; and Dr. Eichardson, in 1818, states them to be no more than 
seven. They must be of great antiquity, seeing they were counted 
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old 300 years ago. Maundrell mentions the size of some of the 
Cedars, 'fhe largest he measured was 36 feet 6 inches in oircum- ( 
ference, and 117 feet in tlie spread of its boughs. 

637. Decandolle gives a list of the ascertained ages of certain 
trees:— 


Elm. 885 years. 

Cypress, aLout. 350 — 

Cheirostemon (Hand-tree), about. 400 — 

Ivy.. 450 — 

Earcli. 576 — 

Sweet Chestnut, about. 000 — 

Orange. 630 — 

Olive. 700 — 

Platanus orientalis. 720 — 

Cedar. 800 — 


Many tropical trees, according 

Lime... 

Oak. 

Yew... 

Toxodium, upwards of.. 

Adansonia. 

WelUngtonia tioiiev) . . .. 


to Humboldt, about 1000 

.1076, 1147 

.810, 1080, 1500 

..1214, 1458, 2588, 2820 

.4000 

.5000 

.1120 


10 . —Gbhebai. Ouseuvations on the OnaANs of I’ianis, and on the Mode in 
WHICH THEY AiiE Auhanoed. 


638. Before concluding the consiJertition of the elementary and 
compound organs of plants, it is proposed to make some general 
observations on tlicir airangement and development. The following 
is a tabular view of the vaiious organs to which attention has been 
directed;— 


General Arrakolment of the Organs of ruANLROOAsions Plants. 


Membrane. 
Fibre . 


I. —Oeincnlnry Organs. 


(Ve-iclcs or Cillulos. 

,S|)iriil Vcssils or Tracheie. ( 
(Ducts or Tubes.) 


.Cellular Tissue. 
.Vascular Tissue. 


II— (.'ompauiiil Orgnns, 

1. General Integument. 

Cuticle or Pdlicte....) „ 

Stomata.|. 

Hairs, Prickles or Aculei, Stings, Glands. 


2. Nutritive Compound Organs. 

Siiongioles.... 1 _ ^ 

Elbrus.) Koots. 
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Rth...;. 

MedaUary Sheath. 

Heartwood or Duramen. Stem 

Sapwood or Alburnum. and 

Mrfullary Rays or Plates. Branches. 

LiWor Endophloeum .. 

Cortical layers or Epi- and Mcsophlosum.J 


Bhizome. 

Tuber; 

Runner. 

Sucker. 

Corm. 

Bulb. 

Thom. 


••••.••■•V.I Leaf. 

Limb or Laniuia.... j 

Stii»ules. 


Pliyllodia. 

Tendrils. 

Ascklia. 


3. I?e|)ruductivc Compound Organs. 

Bract. Involucre. 

e 1 /N -I ^ Berianth '1 
Sepals-Calyx, i 

Petals —Corolla, f-n • 

’ ) Pengone. ' 


Povilla 
granules— 

1 Anther. 

• i grams,) > Stamens 


Flower. 


Filament...) 



Carpels... 
Ovules.... 

1 Ovarj’, 

Pistil.- 

(Sligina,) 

..1 

J 



4. Composition of Ripe Fruit, 

Pericarp. "1 


Iladiole .... 
Cotyledon. 
Plumule.... 

^ 

...k Embryo. 

. 1 

Fruit. 


Spermoderm. 1 

Albumen or Feiisjierm..J 

i 

1 J 



C39. Plants may be said to be composed of numerous individuals, 
each having a sort of independent existence, and all contributing to 
the general growth of the compound individual formed by their union. 
In tlie case ol' a tree there are a vast number of buds, each of which 
is capable of being removed, and made to grow on another tree by 
grafting; and although each has thus a vitality of its own,, it is never¬ 
theless dependent on the gener.al vitality of the tree, so long as it is 
attached to it. The same thing is seen in Sertularian Zoophytes. Each 
of the individuals forming a compound plant is called by Gaudichaud 
a phylon (ipt/ro^, a plant), and in it he recognizes three parts or meri- 
thalU a part, and SoXkos, a frond), the radicular meritlial corres¬ 

ponding to the root, the cauline to the stem, and the foliar to the leaf. 

640. In the Acotyledonous plants, the embryo or spore consists of 
cells united together, and it is only during germination that it exhibits 
these different parts. In Monoctoyledons, the embryo consists of a 
single phyton, with a radicular merithal or radicle, a cauline or tigellus, 
and a foliar or cotyledon. In Dicotyledons, the embryo consists of 
two or more phytons urdted, with their foliar merithals (cotyledons) 
distinct, while their cauline and radicular merithals form each a single 
organ. 
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641. In tracing tlie Tarious parts of plants, it has been shown that 
all may be referred to the leaf as a type. This morphological law 
was propounded by Linnaeus and Wolff, but it is to Goethe we owe 
the full enunciation of it. Vegetable morphology, the study of forms, 
or the reference of the forms of the parts of plants to the leaf, is now 
the basis of organography, and it will be observed, that in consider¬ 
ing the various organs, this has been kept constantly in view. The 
calyx, corolla, stamens, and pistil, are only modifications of the leaf 
adapted for peculiar functions. It is not meant that they were origi¬ 
nally leaves, and were afterwards transformed; but that they are formed 
of the same elements, and arranged upon the same plan, and that in 
the changes which they undergo, and the relation which they bear to 
each other, they follow the same laws as leaves do. The different 
parts of the flower may be changed into each other, as into true leaves; 
or, in other words, the cellular papilla; from which they are formed 
are capable of being developed in different ways, according to laws 
which are still unknown These changes may take place from with- 
<^t inwards, by an ascending or direct metamorphosis, as in the case of 
petals becoming stamens ; or from within outwards, by descending or 
retrograde metamorphosis, as when stamens become petals. 

C42. Bracts are very evidently allied to leaves, both in their col¬ 
our and form. Like leaves, too, they produce buds in their axil. The 
monstrosity called lien and Chicken Daisy, depends on the develop¬ 
ment of buds in the axil of the leaves of the involucre. The sepals 
frequently present the ajipearanoe of true leaves, as in the Eose. 
The petals, sometimes become green like leaves, as in a variety of 
Eanunculus Philonotis, mentioned by Decandolle, and in a variety of 
Campanula rapunculoides, noticed by Dumas. At other times they 
are changed into stamens. Decandolle mentions a variety of Capsella 
Bursa-pastoris, in which there w'ere ten stamens produced in conse¬ 
quence of a transformation of petals. The stamens in double flowers 
are changed into petals, and in Nympha;a alba there is a gradual 
transition from the one to tho other. Sometimes the stamens are 
changed into carpels, and bear ovules. This has been seen in Wall¬ 
flower, some Willows, Poppy, &c. Petit-Thouars noticed a plant of 
House-leek, in which the one-half of the anthers bore ovules, and the 
other half pollen. The carpels, as in the double Cherry, may be seen 
in the form of folded leaves; in double flowers they are transformed 
into petals, and in other cases they are developed as stamens. It is 
said that increase of temperature, and luxuriance of growth, sometimes 
make flowers produce stamens only. In plants having unisexual 
flowers, this is more liable to take place, as in Melon, Cucumber, &o. 
Increased vigour seems to be required for the development of stamens, 
for some fir trees in their young state bear cones, and produce male 
" s only when they reach the prime of life. 
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643. STi»»et*r of Organ*. —In the progress of growth, the plants 
belonging to the different divisions of the vegetable kingdom follow 
certMn organogenic laws {S^yasot, an organ, and ytn/itm, to produce), 
the operation of which is seen in the definite arrangement of their 
organs. The flower consists sometimes of three, at other times of four 
or five equal sets of organs, similarly and regularly disposed. Thus, 
the Iris has three’straight parts of its perianth, and three reflexed ones 
alternately disposed, while the Fuchsia has four parts of the calyx 
alternating with four petals, and the Kose has five alternating portions. 
This orderly and similar distribution of a certain number of parts is 
called symmetry, and flowers are thus said to be symmetrical with vari¬ 
ous numbers of members. When the number of parts is two, the 

flower is dhnerous (i!;, twice, 
and a part) (fig. 531), 

and the symmetry two-mem- 
bered. AVhen the number of 
parts is three, the flower is 
trimerous (rjeif, three), aad 
when the parts are arranged 
in an altern.ating manner (fig. 
532), the symmetry is trigonal 
or triangular three), and 

yuulic, an angle), as in the Lily. 
When there are four parts, the 
flower is tetramerous (rerj*;, 
four), and the symmetry is 
tetragonal or square (figs. 533, 
534), as in Galium and Paris. 
When there are five parts, the 
flower is peniamerous (viuret five), and the symmetry pentayonaJ (fig. 
535), as in Ranunculus. The number of parts in the flower is indi¬ 
cated by the following symbols:—Dimerous ^ Trimerous ^ Tetra- 
merous 'V Pentamerous 



644. There are also other kinds of arrangements in flowers, which 
may be referred to certain modifications in the organogenic law. Thus, 
what is called oblong or two and two-membered symmetry, occurs in 
cases where the opposite ends are similar, and the opposite sides as in 
the arrangement of the stamens of Crucifer®. Again, simple symmetry 
is that in which the two sides of the object are exactly alike, without 


Fig. 6Sl.—Diagram of the dlmcrmis flower of Cireaaa Lutetiana, Enclianter'a Nightshade. 
Tliere are two carpels, two stamens, two divisions of the coroila, and two of the calj a. The 
flower id Isosteraonons. 

Fiff. 68^—Diagram of the trimerous Isostemouous flower of Cneonim tricoccum. Tlic floral 
envelopes are arranged in sets of throe, and so are the essential organs. 

Fig. d38.—Diagram of the totramerous Isostemonous flower of Ziena. Tlie organs are ar¬ 
ranged in verticils of four parts each. 

Fig. 534.—Diagram of tlie tetramerous Dlplostemonous flower of Ruta graveolcns. Thoro ai-a 
four carpels, eight stamens, or four in each verticil, four foHoles of the calyx, and four petals 
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any farther repetition, as in papilionaceous, personate, and labiate 
flowers, as well as in most leaves. The term symmetry, however, is 
properly confined to cases where the parts are arranged alternately, 
and are either equal or some multiple, of each other, and has no 
reference to the forms of the different parts. In the very young state, 
the parts of the flower appear as a shallow rim, from which the petals 
and sepals arise as mammillse, in a symmetrical marfher. In the case 
of irregular corollas, the parts at first appear regular, as shown by 
Barneoud.* In speaking ol’ flowers, it is usual to call them symmetrical 
when the sepals, petals, and stamens follow the law mentioned, even 
although the pistil may be abnormal. Thus, many Solanaoese are 
pentamerous, and have a dimerous ovary, yet they are called sym¬ 
metrical. In Cruciferos, the flowers are, properly speaking, unsym- 
metrical, for while there are four sepals and four petals, there are six 
stamens in place of four. This depends apparently on the long stamens 
being in reality composed only of two, the filament of each of which is 
split by a process of chorization 383), and each division forms for 
itself by multiplication a perfect anther. In Papilionaceous flowers, 
the parts are usually symmetrical, there being five divisions of the 
calyx, five petals, and ten stamens in two rows. 


c 
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645. It will be seen that flowers constituting trigonal or pentagonal 
symmetry, may present what has been called simple symmetry, when 
one of the petals or sepals becomes more developed than the others. 
In Dicotyledonous plants, it is common to meet with pentagonal (figs. 
535, 536, 537) and tetragonal (figs. 533, 534), symmetry, the parts 
being arranged in fives and fours, or in multiples of these numbers. 
It is common to find the stamens more numerous than the petals, and 
in thafrease they are arranged in different verticils, each alternating 
• Aimalcs des Sciences Naturclles, NoTcmber, 1346. 

Fig. 535.—Dia/?rani of tlie pentamerous hostemonous flower of Crassula rubena. ce c c c Parts 
of the calyx, pppp p, Petals altt'rmilitiff with the leaves of the calyx, ee e e e, Stamens ollor- 
nating with tlio petals, a, Accessoiy bodies in the form of scales, or a disk ttlternatinRwith the 
fltaraens. These scales arc utten an abortive row of stamens, o, Carpels altcniatinir with tlio 
otamens, and opposite to the sciilos 

Fig. M6.—Diagram of the pentarneious flowTr of Sedum Telcphium. The Btamens are ten, 
arranged in two altornathig vertu ils The flower it. Diplostcmonous. 

Fig. 537 —Diagiain of the pentamerous Dfiilostemonoua flower of Corlaria myrtifolia: the 
paits of the four whorls alternating, the verticil of stamens being doable. 

Fig. 638.—Diagram of the tnmerous Diplostcinouous flower of Omithogalam pyrenaicum. 
Stamens six in two alteiTiating vcuicila. 
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with that next it. Thus if there are five sepals, five petals, and twenty 
stamens, the latter are considered as forming four verticils. No doubt • 
the verticils are often traced with diflBculty, more especially when 
adhesions take place. In Monocotyledons (fig. 538), the parts are 
usually in sets of three, or in some multiple of that number, exhibiting 
trigonal symmetry. In Acotyledons, when any definite number can 
be traced, it is found to be two, or some multiple of two. The teeth 
of Mosses are in sets of four, or some multiple of four. The spores of 
many Acotyledons are also arranged in fours. 

646. Teratology.— There has thus been traced a tendency to sym¬ 

metrical arrangement in plants. But the parts of plants are often 
modified by natural causes which cannot be explained. It is assumed 
that each of the similar members of a flower have the same organiza¬ 
tion, and a similar power of development, and hence, if among these 
similar parts some are loss developed than others, they are considered 
as abortive., and these abnormal states are traced to changes which 
take place in the earlier stages of growth. Such changes often inter¬ 
fere with the symmetry of the flower. Alteration in the symmetrical 
arrangement, as well as in the forms of the different parts of plants, 
have been traced to suppression or the non-development of organs, 
degeneration or imperfect formation, adhesion or union of one part to 
another, multiplication of parts, and unlining or chorizalion. The study 
of Teratology a monstrosity, and TvoVo?, treatise), or of the 

monstrosities occurring in plants, has led to many important conclu¬ 
sions relative to the development of organs, and it is only by tracing 
the parts of plants through all their stages and transformations, that 
correct ideas can be formed as to their relations and forms. 

647. By suppression is meant the non-appearance of an organ at the 
place where it ought to appear if the structure was normal, the organ 
being wanting to complete the symmetry. This suppression is liable 
to occur in all the parts of plants, and gives rise to various abnor¬ 
malities. Suppression may consist in the non-appearance of one or 
more parts of certain verticils, or of one or more entire verticils. In 
the flowers of Staphylea (fig. 53!)), there are five parts of the calyx, 
five petals, five stamens, and only two carpels; in many Caryophyllacea!, 
as Polycarpon and Holosteum (fig. 540), while the calyx and corollar 
are pentamerous, there are only three or four stamens alfc three 
carpels; in Impaliens noli-me-tangere (fig. 541), the calyx is composed 
of three parts, while the other verticils have five; in Labiate flowers, 
there are five parts of the calyx and corolla, and only four stamens; 
and in "Tropseolum pentaphyllum (fig, 542), there are five sepals, two 
petals, eight stamens, and three carpels. In all these cases, the want 
of symmetry is traced to the suppression of certain parts. In the last 
mentioned plant, the normal number is five, hence it is said that 
there are three petals suppressed, as shown by the position of the two 
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remainbg ones (fig. 542); there are two rows of stamens, in each of 
which one is awanting, and there are two carpels suppressed. In many 



instances the parts which are afterwards suppressed can be seen in the 
early stages of growth, and occasionally some vestiges of them remain 
in the fully developed flower. Sometimes 
the whorl of the petals is awanting, the / ^ 
flowers being apetalous («, privative, and f I 

wtTaXoK, a leaf) (fig. 543), and in such cases ■ - ® ■ 

it is common to see the stamens opposite to 
the segments of the calyx, as in Chenopo- 
diacese (fig. 544). That this suppression of the petals takes place is 
shown in the case of certain allied plants, as in the natural orders 
Caryophyllacese and Paronychiaccaj, where some species have petals 
and others want them. 

648. By the suppression of the verticil of the stamens or of the 
carpels, flowers become unisexual (unus, one, and sexus, sex), or diclin¬ 
ous (Sif, twice, and a bed), and are marked thus, $ $ ; the 
first of these symbols indicating the male, and the second the female 
flower. Thus, in Jatropha Curcas (fig. 314), the flowers have five 
segments of the calyx, and five petals, while in some (fig. 314, 1) the 
pistil is awanting; in others (tig. 314, 2), the stamens. In the genus 



Fig. 539.—T)iagram of the flower of Staphylca pinnata. Tlic parts of the cal 3 Tc, corolla, and 
stamens are pentamcrous, while the pistil, in consequence oi the suppression of three carpels, Is 
dimerous. 

• Fig 540—Diagram of the flower of Holostcum umhellatum. There arc five calycine divisions, 
and five pe^s; but tlie stamens, by the suppression of one, arc only four in number; while tho 
carpels are^^ suppression, reduced to tliiec. Thus the flower is unsynimetHcal. 

Mg 541.—Dia^ara of the flower of Impatiens parviflora, with one of the calvcine leaves 
spurred. There are five carpels, five stamens, five petals, one of which is larger than the rest, 
hut wily three parts of the calyx, in consequence of suppression. 

Fig. 542.—Diagram of the flower of Tropaaolum pentaphyllum, with a spurred or calcarate 
calydne leaf The petals, by suppression, are reduced to two; the stamens are eight in place of 
ten, and the carpels three in place of five. 

Fig 543.—Diagram of the flower of Glaux marltlma, showing the suppression of the verticil of 
the^olla. 'i^ere arc five divisions of the calyx, flve stamens alternating with them, and five 
dtvluons of the ovary, with a central placentatlon. 

Fig. 544 —Diagram of the flower of Chenopodium album, showing the suppression of the ver¬ 
ticil the corolS. The five Stamens, in this case, are opp^lteto the divisions of the calyx, thus 
exliibiting the arrangement which might be expected from a non-development of the corolla. 
11 m divisions of the orary are not easily seen, the placentatlon being central. 
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Lychnis, there are usually stamens and pistil present, or the flower is 
hermaphrodite, or monoclinous (fcovoi, one, and xA/m, a bed); but in 
Lychnis dioica, some flowers hare stamens only; others pistils only. 
Thus it is that monoecious and dioecious {ftouos, one, 11;, twice, and o’/xm», 
a habitation) plauts are produced by the suppression of the essential 
organs of the flowers, either of the same or of different individuals of 
the same species; while polygamous {gro'Kv;, many, and yufto;, mar¬ 
riage) plants are those in which, besides unisexual, there are also her¬ 
maphrodite or perfect flowers. 

649. Some parts of the pistil are generally suppressed in the pro¬ 
gress of growth, and hence it is rare to find it symmetrical with the 
other whorls. When the fruit was treated of (H 522), it was shown 
that carpels and ovules often become abortive by pressure and 
absorption, so that the pericarp and seeds differ in their divisions 
and numbers from the ovary and ovules. If the whorls of the calyx 
and corolla are awanting, the flower becomes naked or achlamydeous 
(If 351). It may still, however, be fitted for the functions of producing 
seed; but if the essential organs, viz., the verticils of stamens and 
pistils, are suppressed, then the flower, however showy as regards its 
envelopes, is unfit for its functions, and is called neuter. Flowers hav¬ 
ing stamens only, are staminferous, staminal, sterile; those having 
pistils only, are pisiilUfcrous, pistillate, or fertile. The suppression of 

«45 fi46 547 018 04!l 550 


various verticils, and parts of them, is well seen in the family of the 
Euphorbiacero (figs. 545—550). Thus, in fig. 545 is delineated an 
apetalous trimerous staminal flower; in fig. 546 one of the stamens is 
suppressed, and in fig. 547 two of them are awanting. Again, in figs. 
548, 549, 550, the calyx is suppressed, and its place occupied by one, 
two, or three bracts (so that the flower is, properly speaking, achla- 
mydeous), and only one or two stamens produced. In fig. 550, 1, 
there is a sterile flower, consisting of a single stamen with a bract; 
and in fig. 552, 2, a fertile flower, consisting of a single carpel with a 


FIg8. W6--650.—Diagrams of fiowerB of Euphorbiaceotis plants, becoming moro- and more 
aimple. (1.) The calyx is tlie only envelope, and consists of three parte in figs. 545, 54G, and 547. 
It is completely suppressed in figs. 548, 549, and 550, and ite place is occupied by a bract, In the 
axil of which the flower is produced; this bract being accompanied in figs 548 and 549 with two 
arnaU bractleta (2.) The male flowers In fig 545 have three stamens, in flga 54C and 548 they 
have two, In flga 547 and 549 one stamen onV is developed, and in fig. 550,1, the solitary 
has only one anther-lobe. (3.) The female flower in fig. 550, 2, is reduced to a single caircl, with 
A bract in tho axil of which it is pioduced. 

Fig. 545.—Diagram of a staminlforous flower of Tragia cannabinA 
Fig. 546 —Diagram of a staminiferous flower of Tragia voluhllla 
Fig. 547.—Diagram of a staminiferous flower of Anthostema sencgalense. 

Jilg. 548.—Diagram of a staminiferous flower of Adenopeltls coUiguaya. 

Fig 649.—Diagram of a staminiferous flower of a Enpliorbla. , ^ . 

Fig. 550.—1. Diagram of a staminiferous flower of Naias minor. 2. Of a pislilliferons flower (a 
b'alas major. 
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bract. There is thus traced a degradatkyn>, as it is called, from a flower 
with three stamens and three divisions of the calyx, to one with a single 
bract and a single stamen or carpel. 

650. It is common to find some of the buds of a plant suppressed, 
thus altering the spiral arrangement. Such buds, however, are often 
capable of being developed, if any accident occurs, or if the plant is 
pruned. Deficiency of light and of air, and want of proper nourish¬ 
ment, are capable of producing abortions of various kinds. The non¬ 
development of a branch gives rise to clustered or fascicled {fascis, a 
bundle of twigs) leaves, as in the Larch, and to fascicled twigs, as in 
a common bird-nest-like monstrosity of the Birch. When the true 
leaves of a plant are suppressed, their place may be occupied by a 
tendril, as in Lathyrus Aphaca, in which the stipules perform the 
functions of leaves 201); or the petiole may be developed in a 
peculiar way, as in the phyllodia 157) of some Acacias. 

651. Degeneration, or the transformation of parts, often gives rise 
either to an apparent want of symmetry, or to irregularity in form. 
Branches, when not properly developed, m.ay assume the form of 
thorns or spines (H 200), as in the Ilawthorn and Wild-plum; and 
by culture these spines may be converted into leaf-bearing branches. 
Leaves often become mere scales, as in Lathrma, Orobanche, and in 
Bulbs. The limb of the calyx m.ay appear as a rim, as in some Um- 
belliferse; or as pappus, in Compo.sita; and Valeriana. In Scrophu- 
laria, the fifth stamen appears as a scale-like body, called staminodium 
(fig. 34C); in many other pLants belonging to the Scrophuhariacete, it 
assumes the form of a filament, with hairs at its apex in place of an 
anther. In unisexual flowers, it is not uncommon to find vestiges of 
the undeveloped stamens in the form of filiform bodies or scales. To 
many of these stamiual degenerations, Linnmus gave the name of 
nectaries. In double flowers, transformations of the stamens and pis¬ 
tils take place, so that they appear as petals. In Cannic, what are 
called petals are in reality met.aniorphosed stamens. Allusion has 
already been made to the various changes which the different parts of 
the flower thus undergo. The object of the florist is to produce such 
monstrosities; and flowers, which by him are considered perfect, are 
looked upon by the botanist as imperfect, from the want of the essen¬ 
tial organs. 

652. Adhesion, or the growing together of parts, is a very common 
cause of changes both as regards form and symmetry. The union of 
stems gives rise occ.asionally to anomalies, as in the fasciated stalk 
of Cockscomb (fig. 230), and the flattened stems of some Conifer® 
(f 197), and probably also the peculiar stems of certain Sapindace® 
and Menispermace® of Brazil (^ 90). Some of these, however, may 
perhaps be traced not to adhesion, but to an abnormal development 
;^*buds. producing wood only in one direction in place of all round. 
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Natural grafts occasionally occur from one branch of a tree uniting to 
another. Roots also sometimes become grafted, and to this has been 
attributed the vitality occasionally preserved by the stumps of Spruce- 
firs which have been felled on the Swiss Alps. The union of two leaves 
by their base, forms a connate leaf, and the adhesion of the lobes of a 
single leaf on the opposite side of the stalk, gives rise to perfoliate 
leaves (fig. 156). The union of the edges of a folded leaf forms As- 
cidia, or pitchers (figs. 184, 187). The different parts of the same 
verticil of the flower unite often more or less completely, giving rise 
to a monophyllous or gamophyllous involucre (if 347); a mono- 
sepalous or gamosepalous calyx (fig. 273); a monopetalous or 
gamopetalous corolla (figs. 21)3, 294, &c.); monadelphous (figs. 
307, 314, 1), diadelphous (^ 399), and polyadelphous (figs. 815, 
551) stamens; syngenesious anthers (If 417); a gynandrous 
column (If 400), and a synoarpous ovary (fig. 383). The different 
verticils of the flower are frequently adherent. The calyx is often 



united to the corolla or to the stamens, or both (fig. 308); the stamens 
may adhere to the corolla (fig. 552); or there may be a union of the 
four verticils of the flower, so that the calyx becomes superior 
(fig. 309). In some instances, when the axis is elongated, adhesions 
take place between it and certain whorls of the floAver, Thus, in some 
Caryophyllacem (fig. .553), the calyx, c, bearing the stamens, e, and 
petals, y>, becomes united to the axis, g, which supports the ovary, o. 
In Capparidacero (fig. 554), the calyx, c, and petals, p, occupy their 
usual position, but the axis is prolonged in the form of a gynophore, 
ag, to Avhich the stamens, e, are united. Occasionally, contiguous 
flowers may unite, giving rise to double fruits, as is sometimes seen in 
Apples, Grapes, and Cucumbers. 

653. Mvltiplication, or an increase of the number of parts, gives rise 

Fiff. .S51.—One of the five bun(ile.s of stamens taken from the polyadelphous flower of Malva 
mlnliita. Stamens are united by their filaments. 

Fjff. 662.—Portion of the gumopetulous or monopetalous corolla, p, of a Collomia, ehowinjtf part 
of the tube, t, terminated by two lobes of the limb, I, and liavinjf tlie stamen, e, inserted Into it, 
and united to it, so that the upper part ot the tUomeut, t, only Is fiee. 
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to changes in plants. It is often found, that in plants belonging to the 
same natural order, the number of stamens in one is greater than that 



in another, either in consequence of additional stamens being developed 
in the verticil, or on account of the production of additional verticils. 
The same thing is met with in the case of the other whorls, and is 
■well illustrated in the formation of the disk (If 428). Multiplication 
causes a repetition of successive whorls, which still follow the law of 
alternation. 

654. Parts of the flower are often increased by a process of dedupli¬ 
cation, unlining, ddamination, or chwization, i.e. the separation of a 
lamina from organs already formed (If 383). This is believed to take 
place in a remarkable degree in the case of appendages to petals. 
Thus, in Ranunculus, the petal (fig. 555) has a scale at its base, a, 
which is looked upon as a mere fold of it. This fold may in some 
cases be more highly developed, as in Caryophyllacese, and in Cras- 
snla rubens (fig. 258 «), and it may even assume the characters of 
a stamen, which will therefore be opposite the petal, as in Primu- 
lacese. Some do not consider the production of scales or stamens 
opposite to the petals, as the result of chorization. Lindley argues 
against it from what is observed in Camellia japonica, in which the 
petals are usually alternate; but, by cultivation, the law of alternation 
is interfered with, and the parts are so developed that the petals are 

Fiff. 658.—Flower of LychnlaVlscaria, one of the CaryophyllaceflB, cut lenffthwlse, to show the 
relation of its different parts, c, Gumoeepalous calyx, p, Petals with their elongated anguls or 
claw, u Uy their limb, I and the appeuduges. a a, in the form of dilaminated scales of the petals. 
€ e, Stamens. I'istil consists of the ovarv, o, and five styles, s. g. Prolongation of the axis in the 
form (rf a gynophore, or anthophore beanne the petals, the stamens, and the pistil. 

Fig 654 —Wowei of Gynandropsls palmipes, one of the CappnridacesB. c, Calyx, p, Petela. 
f, stamens, a g', GjTiophore or elongated mtemode or axis beanng the stamens, a Gyno- 
j>hore t)r elongated lutemode beai'iug the pistil, of, IMstil composed of an ovaryt o, a style and 
a sligma,/ 
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opposite, and run in several regular lines, from the centre 
to the circumference. Again, by this process of chorization, 
one stamen may give rise to several. Thus, in Luhea pani¬ 
culate (fig. 31fi, 1), in place of five stamens there are five 
bundles (fig. 316, 2), composed partly of sterile filaments,/s, 
and partly of filaments bearing anthers, / a ; and each of 
these bundles is traced to a deduplication of a single stamen, 
inasmuch as they arise from one point, and do not follow the 
law of alternation. Thus, dilamination repeats the single 
organs, and causes opposition of parts. In the case of the 
four long stamens of Crucifer® (^ 644), chorization is said to 
take place by a splitting of the filaments of two stamens; and 
thus the two stamens on each side are, by geminatiou {gemini, twins), 
normally one. This view is confirmed by cases in which the fila¬ 
ments of the long stamens are more or less united; also, by cases in 
which the shorter filaments exhibit tooth-like processes on either side, 
while the longer ones have them only on the outer side. In such 
cases, the two long filaments, if united, would present the same appear¬ 
ance as the shorter ones, and occupy their usual position of alternation 
with the petals. In some instances, by pelorization (wjTiajiof, mon¬ 
strous), it is found that tetradynamous plants become tetrandrous 
with equal stamens alternating with the petals. 

655. Cultivation has a great efifect in causing changes in the various 
parts of plants. Many alterations in form, size, number, and adhesion 
of parts, are due to the art of the horticulturist. The development 
of cellular tissue and of starchy matter is often thus much increased, 
as may be seen in the case of Turnips, Carrots, and Potato. The 
succulence of the leaves of the Cabbage and Lettuce, and the forma¬ 
tion of a heart, as it is called, is due to cultivation ; so also the curled 
leaves of Savoys, Cress, Endive, &c. The changes in the colour and 
forms of flowers thus produced are endless. In the Dahlia, the 
florets are rendered quilled, and are made to assume many glowing 
colours. In Pelargonium, the flowers have been rendered larger and 
more showy; and such is also the case with the Ranunculus, the Au¬ 
ricula, and the Carnation. Some flowers, with spurred petals in their 
usual state, as Columbine, are changed so that the spurs disappear; 
and others, as Linaria, in which one petal only is usually spurred, are 
altered so as to have all the petals spurred. 

Fig. 6S5.—Potal of Ranunculus Ficurla, viewed on the Inside J, The limb a, Sniajl scaly 
appendage at its bate formed by chorisatiou or dUamination. 

P 2 
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SECTION IV.-SOME GENEBAL PHENOMENA CONNECTED WITH 
VEGETATION. 

1—Vegetable Ieritabilitt. 

656. Under this head are included certain sensible movements of 
living plants, exercised vfithout any direct application of mechanical 
force, and not referable to mere elasticity, or the hygroscopic nature 
of the tissues. These motions are influenced chiefly by light and heat, 
and, like many phenomena occurring in organized beings, they cannot 
at present be explained by chemical or mere mechanical laws. They 
may, however, be excited by stimuli of a chemical or mechanical 
nature. Although the cause of them is obscure, still, in some instances, 
their use is obvious. 

657. Among the lowest classes of plants there are some peculiar 
movements of this kind. The simplest members of the Sea-weed tribe 
occasionally move throughout their wdiole substance.. Oscillatorias, 
which are filaments composed of cells placed end to end, containing 
•fluid and granular matter, have an undulating movement, by means of 
which they advance. When placed in fluids imder the field of the 
microscope, some of them may thus be seen to pass from one side to 
the other. The filaments sometimes twist up in a spiral manner, and 
.then project themselves forward by straightening again. The motions 
are influenced by temperature and light, and by some are considered as 
being connected with the production of new cells. The spores of many 
Cryptogamic plants, especially species of Vauchcria, Conferva, and 
Prolifera, exhibit motions which, according to Thuret and Decaisne, 
depend on the presence of cellular hair-like processes, called cilia or 
ientacula. These motive organs are in a state of constant agitation, 
which lasts for some hours, becoming slower, and finally ceasing after 
germination has commenced. In the spores of Conferva glomerata 
and rivularis (fig. del), there .are two of these cilia or filiform tenta- 
cula, which project from a colourless rostrum. In Chastophora ele- 
gans, var. fusiformis, four have been seen (fig. 432) ; in Prolifera (fig. 
433), there is a circle of cilia, and in Vaucljeria (fig. 434), the spore 
is entirely covered with very short cilia, the vibration of which deter¬ 
mines their forward movement. These spores, from their movements, 
have received the name of Zoospores (^ 492). Mr. Thwaites accounts 
for the rhythmical movements of cilia by electrical currents. In cer¬ 
tain cells of Cryptogamic plants, especially in what are called Anther- 
idia, bodies are met with called Phytozoa or Spermatozoids (H 491), 
which also exhibit movements during a part of their existence. 

658. Eemarkable movements have also been observed in the higher 
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classes of plants. The fovilla contained in the pollen-grain in a young 
state, when moistened with water, exhibits movements when viewed 
under the microscope. These movements have by some been referred 
to irritability, but by Brown and other accurate observers, they are 
considered as merely molecular, and similar to what takes place between 
the minute particles of inorganic matter — as, for instance, finely 
powdered Gamboge suspended in water. These fovilla movements are 
easily seen in the very young pollen of Antirrhinum majus. Certain 
movements also take place in the floral envelopes. Thus many flowers 
open and close at particular periods (If 483—485); these phenomena 
depending on light, temperature, and moisture. Leaves also, especially 
lhuse*which are compound, are folded at certain periods in a distinct 
and uniform manner. Wliat was called by Linnaeus the sleep of plants, 
is the change produced on leaves by the ab.sence of light. It is by no 
means analogous to the sleep of animals. During darkness some are 
slightly twisted and hang down; others, such as pinnate and termite 
leaves, have the leaflets folded together, and frequently the common 
petiole depressed. The youngest leaflets first exhibit these changes; 
and when the plants become old, and their ti.ssues hardened, the 
instability is often much diminished, as is seen in Oxalises. The fold¬ 
ing of the leaflets of compound leaves usually takes place from below 
upwards, but sometimes in the reverse manner, as in Tephrosia 
Caribaca; so also with the common petiole, which is directed upwards 
during sleep in the Cassias, and downwards in Amorpha. When be¬ 
sides the common petiole there are partial petioles, as in the Sensitive 
plant, they may be bent inwards towards each other, while the former 
is bent downwards. 

659. Mimosa sensitiva and pudica, commonly called sensitive plants, 
display these movements of their leaves in a remarkable' degree, not 
only under the influence of light and darkness, but also under 
mechanical and other stimuli. They have bipinnate leaves with four 
partial petioles proceeding from a common rachis, and each of the 
petioles is furnished with numerous pairs (about twenty) of leaflets, 
which are expanded horizontally during the day. During darkness, 
or when touched or irritated in any way, each leaflet moves upwards 
towards its fellow of the opposite side, which in its turn rises up, so 
that their upper surfaces come into contact. Wlien the movement 
commences at the apex of the leaf, it usually proceeds downwards to 
the base, and thence may be communicated to the leaflets of the next 
partial petiole, and ultimately to the common petiole, which falls down 
towards the stem. The partial petioles then converge towards each 
other, and have a tendency to become parallel to the common petiole, 
at the extremity of which they are suspended. When the plant is 
shaken as by the wind, all the leaflets close simultaneously, and the 
petioles drop together. If, however, the agitation is long continued. 
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the plant seems as it were to become accustomed to the shock, and 
the leaflets will expand again. The stem itself is not concerned in 
the morements. It may be cut and wounded cautiously without 
causing any phange in the leaves, and a portion of it may be removed 
with a leaf attached, and still remaining expanded. If, however, a 
mineral acid is applied to the stem, after some time the petioles will 
fall and the leaflets collapse—the leaves perishing with the stem which 
has been moistened. The chemical action of the acid and absorption 
cause these phenomena. When a sensitive plant is exposed to artificial 
light during the night, Decandolle found that its leaves expanded, and 
tnat they closed when put into a dark room during the day, showing 
the influence which light has on these phenomena. It is to be 
remarked, however, that if the plant is kept for a long period of time 
in darkness, it will ultimately expand its leaves, and the phenomena 
of folding and opening will go on, although at very irreguliir intervals. 

660. The ternate leaves of many species of Oxalis fold not merely 
during darkness, but also when agitated or struck lightly and repeat¬ 
edly. Each of the leaflets folds upon itself, and then bends downwards 
upon the common petiole. The plant called Desmodiura gyrans, the 
moving plant of India, has compound leaves consisting of a large 
terminal leaflet, and usually two smaller lateral ones. The latter are 
in constant movement, being elevated by a succession of little jerks, 
until they come into contact, and sometimes even slightly cross each 
other; after remaining in this position for a short time, they separate 
from each other, and move downwards by rapid jerks on opposite sides 
of the petiole. This process is constantly repeated, and goes on in a 
greater or less degree, both during day and night, but is most vigorous 
during warm moist weather. The large terminal leaflet undergoes 
movements also, oscillating very gradually from one side to the other, 
and becoming horizontal or depressed. By the lateral oscillatory 
movement, the leaf becomes inclined in various ways, often assuming 
a remarkable oblique direction. The upward and downward move¬ 
ments seem to depend on the influence of light and darkness. During 
the day the leaf becomes more or less horizontal, while during dark¬ 
ness it bangs down. Similar movements are seen in other species of 
Desmodium, as D. gyroides and vespertilionis. 

661. The movements in these cases have, by Martins and Meyen, 
been referred to the presence of some structure analogous to the 
nervous system in animals. There is, however, no evidence of such a 
structure in plants, and these authors have^ot pretended to prove its 
existence. It is to be remarked, that the movements differ in many 
respects from animal contractility. They are usually hinge movements, 
and may be referred to certain changes in the organs, causing dis¬ 
tention or contraction of these tissues. Dutrochet and Morren refer 
them, to alterations in the circulation of fluids and air in the vessels 
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and cells. In plants with irritable leaves, there are frequently 
swellings where the leaflets join the stalk, as well as where the stalk 
joins the stem. These swellings contain cells which difier in their 
dimensions and their contents, and the movements are considered as 
being produced by changes in the contents of the cells, some of which 
become more distended than others, and thus cause incurvation or 
folding. In these swellings the vascular bundles are disposed in a 
circle near the periphery, and may be concerned in the movements. 
Mechanical and chemical stimuli are supposed to act by inducing 
alterations in the contents of the vessels and cells. 

662. In the case of the sensitive plant, if the swelling at the base df 
the common petiole is touched even slightly on its lower side, it is 
followed by instant depression of the whole leaf, but no such effect is 
produced if the upper portion of the swelling is lightly touched. 
Again, touching the little swelling at the base of each leaflet on its 
upper side, causes the upward movement of the leaflet, but no such 
effect follows cautious touching of the lower part of the swelling only. 
If a pair of leaflets is touched at the extremity of a petiole, the irritation 
is usually continued downwards from apex to base; but if a pair at the 
base are touched, the progress of folding is reversed. Clear warm 
weather, with a certain degree of moisture, seem to be the conditions 
most favourable for these movements. They are seen best in young 
plants. The leaves of the sensitive plant contract under the action of 
electricity and galvanism. Some suppose, that in the sensitive plant 
there are two kinds of cells connected with the upper and lower sides 
of the leaves and petioles; the one set being contractile, and causing 
the closing of the leaflet and the fall of the petiole, the other being 
acted on chiefly through the circulation. In the case of the petiole, 
it is conceived that the tissue on the lower side of the swellings is 
contractile, while that in the upper is distensible. The turgescence 
of the latter, which is kept up by light, counteracts the contractility of 
the former, and maintains an equilibrium, so as to keep the petiole 
erect; but when acted on by cold, mechanical irritation, &c., the 
equilibrium is disturbed, and the contractility operates in depressing 
the petiole. A careful microscopic dissection of the swellings, shows 
peculiar cells in some parts, which* seem to differ in their contents 
from others in their vicinity. 

663. In the sensitive species of the Desmodium and Oxalis, the 
movements are not so evidently influenced by mechanical irritation. 
In the former, the little leaflets are supported on swollen jtetiolules, 
and it is to the curvation and twisting of these in different directions, 
that the movements seem to be owing. The leaflets remain flat and 
do not fold on themselves. It is said that by arresting the vital 
actions going on in the leaflets, by giving them a coating of gum, and 
thus preventing transpiration and respiration, the movements are 
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Stopped, and that they recommence when the gum is removed by 
water. Cutting a leaflet across, and only leaving a small portion of its 
lamina attached to the petiolule, does not immediately stop the move¬ 
ment of gyration. In such a case, however, the motion ultimately 
ceases, while it continues in the uncut leaflet. So also, if a leaflet is 
divided longitudinally into two parts, each of them continues to move 
for a time, but the motions cease as the process of desiccation goes on. 

C64. There are occasionally cellular prolongations from the leaf, 
which, when touched, cause folding. Thus, in Dionsea muscipula, 
or Venus’s fly trap, the lamina is articulated to the petiole, and consists 
of two free portions which are united together by a joint along the 
midrib. On the upper sid.e of each part of the lamina are situated 
three hairs with swellings at the base, and when these hairs are 
touched, the halves approach each other from below upwards, so as 
to enclose any object, as a fly, which may happen to light on them. 
Similar movements, but in a ihuch less obvious manner, are said to 
take place in the leaves of Droseras or Sun-dews. The movements 
are attributed to tlio same causes as those already mentioned, but the 
ultimate object is not known. 

665. Movements take place in some parts of the flower, occasionally 
with the view of scattering the pollen on the .stigma. The stamens 
of various species of Berberis and Mahonia arc articulated to tbe torus 
or thalamus, and when touched at their inner and lower part, move 
towards the pistil. In Parnassia palustris, the stamens move towards 
the pistil in succession to discharge their contents. The Ilelianthe- 
mum vulgare or common Rock-rose, exhibits staminal movements 
also connected with the bursting of the anthers. Morren has noticed 
sensitiveness in the androccium of Sparmannia africana and Cereus 
grandiflorus. In the Nettle and PcHitory, the filaments are confined 
in a peculiar w.iy by the perianth, and at a certain period of growth 
they are relea.sed so as to allow their ela.sticity to come into play, by 
means of which the pollen is forcibly scattered 497). In Goldfussia 
or Ruellia anisophylla, the style has a curved stigmatic apex, which 
gradually becomes straightened, so as to come into contact with the 
hairs of the corolla, upon which the pollen has been scattered; and in 
Miraulus and Bignonia (fig. 406}, the stigma has two expanded lobes 
which close when touched, a movement apparently in some way con¬ 
nected with fertilization. In the Passion-flower, and some Cacti, the 
styles move towards the stamens. The species of Stylidium have the 
filaments and styles united in a common column, at the upper part of 
which the anther-lobes and stigma are placed. The column often 
projects beyond the flower, and is jointed. At the articulation an 
irritable swelling occurs, which when touched or acted upon by heat 
and light, causes a sudden incurvation by which the column is thrown 
tOgtbe opposite side of the flower, bursting the anthers and scattering 
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the pollen on the central stigma. After a time the column recovers 
its position. TheSe movements take place in the flower for some time 
after it has been removed from the plant and kept in water 497). 
Certain petals in some*flowers, as in Orchidacese, are said to move. 
Morren notices this in the case of species of Megaclinium and Pteros- 
tylis. Gentiana sedifolia closes its petals when touched. Drak®a 
elastica, a Swan River terrestrial Orchid, is remarkable for the irrita¬ 
bility of the stalk of the labellum. This stalk exhibits a moveable 
joint like an elbow. 

666. Chemical agents have an elTcct on the movements of plants. 
Some act by causing irritation, others by destroying irritability* ifar- 
cotic poisons, as opium, belladonn.a, and hydrocyanic acid, either 
taken up by the roots or applied externally, destroy the irritability of 
plants. They cause closure of the leaves of the sensitive plant, and 
render it insensible to the action of stimuli. Their prolonged action 
causes death, but if they arc applied in moderate quantity, the plant 
may recover, and again unfold its leaflets. It frequently happens, 
however, that the irritability continues for some time much impaireil; 
so that mechanical stimuli do not act in the same rapid and energetic 
manner as at first. Similar effects are produced by ether and chloro¬ 
form ivhen sensitive plants are introduced into an atmosphere through 
which these substances are diffused. The effects may be produced 
locally by applying the vapour only to certain parts of the plant. 
Experiments on the action of poisonous agents, both in the fluid and 
gaseous state, have been performed by Marcet, Christison, Turner, 
and others (f 292—296).* 


2.—Temi'Eeatuke of Plants. 


667. The heat developed during the expansion of flowers and the pre¬ 
paration of the pollen, especially in the case of Aroidese, and also at the 
period of germination, has been already considered (If 475, 476, &c.) 
These phenomena appear to be strictly of a chemical nature, and may 
be traced to the absorption of oxygen, and its combination with the 
carbon of the starch, the latter being converted into dextrine and 
grape sugar. It is now projiosed to consider the observations which 
have been made relative to the general temperature of plants. 

668. Great differences of opinion have prevailed as to the existence 
of a proper heat in plants. Hunter examined the heat of the inter¬ 
nal parts of the trunks of trees by boring holes of different depths in 
them, and inserting thermometers; and similar experiments were made 
by Schubler at lubingen. The results of these experiments were, 


observations on Ii'ritatulitv, see Dutroebet, Rcchcrehes Anat. et PhysfoL sur 1a 
intmie des Anlmnux ot Vegcranx, 18-14. Alorren on tlie movements of the leaves of 
A ot the {,t>le of fioUltussm anisophylla, and ot the column of StylldiuiTL 

de Bmxellcs, tom iv v. vh and xii. Tliuict and Decaisneon tlie mov^ 
nients of spores, in AnnaJes des Sciences Katurcllca, id Scr. mx 3d S.r. 
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1st. That the temperature of trees is higher than that of the air in 
winter, and lower in summer; 2d. That the temperature corresponds 
to the depth in the soil to which the roots penetrate; and, Sd. That 
it depends on the temperature of the fluid matters taken up by the 
roots, as well as the bad conducting power of the wood of the trees. 
Dr. Hooker found that the temperature of the juices of plants in 
India depended materially on that of the soil at their spongioles. 
Dutrochet made experiments to determine the temperature of the 
growing parts of plants. He fotind, by means of a thermo-electric 
apparatus, that this varied from two or three-tenths of a degree, to 
one degree above that of the air. This generation of heat only takes 
place when the plant is active and vigorous, and seems to be connected 
with processes going on in the interior of the cells. When the cells 
cease to be actively engaged in the processes of vegetable life, they 
cease to manifest this vital heat. It reaches a daily maximum, the 
period of which varies in different plants, according to their vigour. 
Rameaux has confirmed Dutrochet’s observations. He observed that 
during the day, the temperature of the various layers diminished from 
the surface to the centre, while during the night the reverse took place, 
and that both of these processes were materially influenced by the 
nature of the surrounding temperature and the diameter of tEe tree. 
There appear, therefore, to be two sources of heat in plants, one de¬ 
pending on organic actions carried on in the growing parts, and the 
other on meteorological influences, which either act directly through 
the air, or indirectly through the fluid matters brought up from a 
certain depth in the earth.* 

3.—Lominositt of Plants. 

669. Luminous appearances have been observed in certain plants. 
These have been long noticed in the lower classes of plants, such as 
Fungi. Decaying wood, in which Fungi are developed, is sometimes 
luminous. Mr. James Drummond describes some species of Agaric, 
near the Swan River, growing on the trunks of Banksias and other 
trees, which emitted at night a phosphorescent light sufiicient to 
enable him to read. A phosphorescent Agaric, with the upper sur¬ 
face of the pileus black, while the centre and gills were white, was 
noticed by him on the trunk of a dead Eucalyptus occidentalis. The 
Agaricus Gardneri, found in Brazil, gives out a light of a pale greenish 
hue, similar to that of fire-flies. It is found growing on a Palm, and 
is called Fhr de Coco. Delile found luminosity in the Agaricus 
olearius, near Montpellier. In the coal mines of Dresden, certain 

• For farther remarks on the subject of VcRCtablc Heat, see Rameatix's papers in the Annales 
des Sciences Naturelles, January, 184^. ScluiWersexperinicnts In Pogprendorffi^nnaien x. eW; 
translated In Thomson’s Chemistry ot Vcgetitbles, p. DSy. Dutrochet, Ann. des 8a Nat (a 
tom. xii Gardner In Linn. Trans, for Doc, 1841, «uid in Philosoph. Hag. for July, 1842. 
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Rhkomorplious fungi have long been celebrated for the light which they 
emit. The spawn of the Truffle (Tuber cibarium) is said to present 
similar appearances. It has been said that the luminosity of these fungi, 
as well as of decaying wood, is increased by exposure to oxygen gas. 
Some consider it as connected with the absorption of oxygen, being 
in reality a slow spontaneous combustion; while, according to others, 
it is referable to the liberation of phosphorus from some of its com¬ 
binations in the plant 

670. These luminous appearances are said not to be confined to 
fungi. The younger Linnajus states, that the flowers of Nasturtium, 
Orange Lily, and African Marigold, at the end of a hot summer day, 
give out intermittent light Mr. Dowden and Mr. James confirmed 
this by observations on the common Marigold and Papaver pilosum; 
while other observers have noticed the phenomena in the Sun-flower, 
French Marigold, species of QSnothera, and Arum. It is to be re¬ 
marked, that the flowers said to be thus luminous, are all of a more or 
less orange colour, and that the phenomenon takes place in still warnj 
summer evenings, towards twilight. Hence, Professor Allman is dis¬ 
posed to attribute them to optical illusions, depending on a peculiar 
intermittent effect on the retina. Some authors mention the occur¬ 
rence of luminous sap in plants with milky juices, as the Euphorbia 
phosphorea of Brazil. A rhizome of an endogenous plant from India, 
is said, when moistened, to acquire a phosphorescent appearance, and 
to lose this property when dry. 


4.— CoLOUBS OF Plants. 

671. Colour is not of much importance in Botany as regards classi¬ 

fication and arrangement. It is chiefly in the case of Fungi that it is 
employed as a means of diagnosis. Perhaps the want of an accurate 
nomenclature of colours in Botany may have in part led to this. Mir- 
bel and Henslow have proposed a nomenclature, which consists in 
referring all natural colours to certain absolute tints and shades, deter¬ 
mined according to fixed laws. Thus, the latter assumes three prim¬ 
aries, as red, blue, and yellow, which together give white light, and 
derives all others from admixtures of these in definite proportions. 
On this pnnciple he has constructed a chromatometer colour, 

and a measure), or measure of colour, the employment of which 

would lead to an accurate nomenclature. 

672. It has already been remarked, that the green colour of the 
l^ves, young bark, calyx, and carpels, depends on the presence of 
chloropliylle (IT 19). This waxy substance is contained in the deep 
cells or mesophyllum of leaves, and depends on the action of light for 
its elaboration. When leaves are grown in darkness, they become 
colourless from the absence of cblorophylle. Light acts by the fixation 

Q 
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of carbon. The different rays of the spectrum appear to vary in their 
power of developing the green colour, Senebier performed experi¬ 
ments on the subject, by making the light pass through coloured media, 
and he was led to the conclusion, that while the yellow rays had the 
greatest effect og the growth of the plant, the blue and chemical rays 
were those chiefly concerned in the production of the green colour. 
Hunt seems to agree with Senebier. Other experimenters, however, 
as Morren, Daubeny, Draper, and Gardner, think the yellow rays Are 
the most active in producing the green colour. The following table 
shows the result of some of Gardner’s experiments. The rays are de¬ 
nominated active or inactive in relation to their power of producing 
a green colour, and the figures under each of them show their power 
in this respect, 1 being the highest value. The sign — indicates that 
the effect was not satisfactorily tested:— 


Tx. Plants. 

JhX. 1 lants, sunshine. time. 

Active 
Red. Or. 

Rays. 

Ycl. Gr. 

Inactive. 

Bl. In. Vio. 

1. Turnips.22 ... 109 

... 4 

2 

1 

3 

0 0 0 

2. Beans.14 ... 95 

... 

2 

1 

3 

0 _ _ 

3. Turnips.. 8 ... C9 

... 4 

2 

1 

3 

— — — 

4. Turnips.23 .. 101 

... - 

— 

— 

1 

0 0 0 

5. Turnips.17*5 ... 62 

... — 

2 

1 

3 

4 0 0 

6. Turnips. 6'5 ... G 

... 4 

2 

1 

3 

0 0 0 

673. The ray producing 

the green colour is found 

to be that which 

acts most efficiently in the decomposition of carbonic acid, as shown 

by the following table;— 






Places of spectrum 

Production of 

Dccomp of 

Illuminating 

examined. 

ciiloropliylJc. 


C02. 

power 

Extreme Red. 

.0 000 



0-0000 

. g-oooo 

Commencement of Ornnge.. 

... 



■5500 

. . 

Centre of Orange. 

. -777 



— 

. . 

Centre of Yellow. 

.1*000 



1-0000 

. 1-0000 

Centre of Green. 

.-oso 



— 

. . 

Centre of Blue. 

. -lUO 



— 

. . 


674. The green colour becomes lighter or deeper according to the 
quantity of chlorophylle and the aggregation of the cells. It is usually 
paler on the lower sides of leaves. The dark shades of green in the 
Yew, Bay, and Holly, are the effect of an immense crowding together 
of green cells. 

675. As light decreases in autumn, the chlorophylle, in many cases, 
diminishes, and is probably altered by the loss of a portion of carbon. 
Thus, Evergreen leaves become of a paler colour, and deciduous leaves 
assume various hues, commonly called autumnal tints. The leaves of 
the Poplar, Ash, and Beech, before falling, becoine yellow; those of 
some species of Khus, bright red; those of Cornus sanguinea, dull red ; 
those of the Vine, yellow and purple. Berzelius states, that the leaves 
become red in plants having red fruits. Eobinet and Guibourt main¬ 
tain that the Vines which produce bluish grapes, have red leaves 
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in autumn, while such as produce white grapes have yellow leaves. 
These yellow and red colours by some are said to depend on changes 
in the state of oxidation of the chlorophylle, and have been traced by 
others to the production of peculiar waxy substances, one red, called 
erythrophylle, the other yellow, xanthophjlk. Marquart believes that 
the action of water on chlorophylle, in different proportions, gives rise 
to yellow and blue matters. Ellis supposed the change of hues to be 
due to the prevalence of acid and alkaline matters. 

676. Dr. Hope endeavoured to sliow that there is in plants a 

colourable principle, chromogen colour, and ytwxa, I generate,) 

consisting of two separate principles, one of which forms a red com¬ 
pound with acids, while the other forms a yellow with alkalies, and he 
attributes the green colour produced by the latter to the mixture of 
the yellow matter with the blue infusion. The two principles, 
according to him, may exist together, or separate, in different parts of 
the same plant. In some very fleshy leaves, as Agave, the central 
cells are pale, while those of the cuticle are coloured and much 
thickened. Although leaves are usually of a green colour, still they 
frequently assume various tints. In certain varieties of Beech and 
Beet, they become of a uniform red or copper colour. In some cases, 
only one of the surfaces of the leaf is coloured, as in many species of 
Begonia, Saxifraga, Cyclamen, and Tradescantia, in which they are 
green above and red or brown below; while in others there is a 
variation of colour, giving rise to variegation, as in Aucuha japonica, 
Carduus marianus, and Calathea cebrina, where there are yellowish 
spots, or in many Arums, whore they are of a red colour. The whitish 
or brown spots which occur on leaves, are often produced by thickened 
cells containing peculiar colouring matter, underlying the chlorophylle 
cells. In such cases, variegation might be traced to an alteration in 
the epidermal cells, and the same is true of certain bright colours 
assumed by the surfaces of some leaves. The juices of many plants 
are colourless when contained in the vessels, but become milky or 
coloured by exposure to the air. Thus, the sap of QJnanthe crocata 
becomes yellow, that of Chelidonium orange, that of Madder changes 
from yellow to red, and that of some Boletuses becomes blue or bluish- 
green. In some instances, the changes have been prevented by 
keeping the cut or broken surfaces in nitrogen or hydrogen, or 
carbonic acid, and thus preventing their exposure to oxygen. It is 
said, however, that the change of colour in the Madder does not take 
place in pure o.xygen. 

677. The bark, at first green, becomes often of a brown colour from 
the thickening of the cell- walls, as well as the deposition of brown 
matter. Similar changes take place in the woody fibres, giving rise 
to the coloured duramen of many trees, as the Laburnum, Guaiac, 
Ebony, &c. Such changes, however, depend on chemical actions going 
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on in the interior of stems, and are not due to the direct influence of 
the air. The colour of wood, however, is generally deepened when 
exposed to the atmosphere. 

678. The red, blue, and yellow colours of flowers depend on fluid or 
semifluid matters contained in superficial cells, which can be detached 
with the cuticle. This coloured cellular tissue is called by Nourse the 
Rete, and lies immediately below the epidermis. In this respect these' 
colours differ from the green colour in the leaf which is confined to 
the central cells, and which, as already stated, owes its origin to a 
granular matter of a peculiar nature. In petals, different cells 
frequently contain different kinds of colouring matter, thus giving rise 
to variegation. By the juxtaposition and mechanical mixture of 
various cells, different tints are produced; and the colours are also 
modified by the nature of the cuticle through which they are seen. 
In the interior of petals, the colour is generally more oi less yellow, 
but it is modified when seen through superficial cells. Along with the 
colouring matter, there is a colourless substance present, the relative 
quantity of which varies, and hence the colour may be deeper or 
fainter. In flowers as well as in leaves, the colours appear to depend 
on the action of light. It has been said, however, that the powerful 
action of solar light, in some cases, tends to decolorize flowers Hence, 
tulips are screened by floriculturists from the direct rays of the sun. 
The leaves of herbaceous plants also, when exposed to the direct rays 
of the sun, do not acquire so deep a green as when they are subjected 
merely to a bright daylight. 

679. The colours of flowers have been arranged in two series:— 

1st. The xanthic yellow) or yellow; and 2d. The cyanic 

{kvoluo;, blue) or blue; and it has been shown that plants in general 
may be referred to one or other of these series, while red is common 
to both series, and green, as composed of blue and yellow, is inter¬ 
mediate between them. White is considered as depending on absence 
or extreme dilution of the colouring principles, while brown or black 
depends on their accumulation or concentration. Even in white flowers 
there will be seen a slight admixture of a yellowish Or bluish tint. 

Green. 


f Greeuish-blae. 
I Blue. 

Cvanic J Violet-blue. 
aeiTWi, I Violet. 

Violet-red. 

lUed. 


Yellowish-greeD. 

Yellow. 

Orange-Yellow. [ Xanthic 

Orange. 

Orange-Red. 

Red. J 


680. Some starting from greenness, as a state of equilibrium between 
the two series, pass through the blue and violet to red, by a process of 
oxidation, while the transition from red to orange and yellow has been 
traced to deoxidation. As illustrations of the cyanic series may be 
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mentioned, all, or neariy all, the species of Campanula, Phlox, Epilo- 
bium, Hyacinth, Geramum, Anagallis; of the xanthic series, Cactus, 
Aloe, Cytisus, Oxalis, Eose, Verbascum, Potentilla, OEnothera, Ranun¬ 
culus, Adonis, Tulip, Dahlia. 

681. Plants belonging to either series, vary in colour usually by 
rising or falling in the series to which they belong, and not by passing 
from one to the other. Thus, a plant belonging to the blue series 
does not usually become yellow, nor does one in the yellow series 
change into a pure blue. This remark will not apply in all cases, 
although it is generally true. It cannot be said to hold good in re¬ 
gard to genera, as at present determined; thus, in the genus Gentian, 
there are blue and yellow species. It seems, however, to be applicable 
to individual species; thus, the Dahlia belonging to the yellow series 
may pass through all the varieties of that series, but has never 
been produced of a blue colour; so also with the Tulip, the Rose, &c. 
Even in the case of species, however, there are anomalies. Thus, the 
rule docs not apply to such plants as Myosotis versicolor and Dendro- 
bium sanguinolentum, where there are different yellow and blue colours 
on the corolla. Notwithstanding, however, all the exceptions, the 
general law already mentioned as to the variation of colour in flowers, 
seems to be founded on correct observations. 

682. Changes are produced in the colour of flowers, by bruising and 
injuring the petals. The pure white flowers of Camellia easily become 
brown, while those of Calanthe veratrifolia and Bletia Tankervillte 
assume a deep blue. By drying, many flowers become of a brown or 
black colour; this is particularly the case with Orchidace®, Melam- 
pyrum, and Orobus niger. It would appear to depend on the com¬ 
bination between the colouring principle and the oxygen of the air, 
and may in some cases be traced to the existence of tannin, gallic acid, 
and iron. Blue flowers, under the process of desiccation, are often 
whitened. Ipomooa Learii, in drying, changes from blue to red. 

683. Remarkable cMhnges take place in the colour of some flowers 
during the course of the day. The flowers of the common pink Phlox, 
early in the morning, have a lightish blue colour, which alters as the 
sun advances, and becomes bright pink. The (Enothcra tetraflora has 
white flowers which change to red. Hibiscus variabilis has its flowers 
white in the morning, pink at noon, and bright red at sunset. The 
colour of many flowers of Boraginace®, before expansion, are red; after 
expansion, blue. The bracts of Hakea Victoria are yellowish-white in 
the centre the first year; the second year, what \fras white becomes a 
rich golden yellow; the third year, the yellow becomes rich orange; 
the fourth year, the colour becomes blood-red; the green portion of 
the bracts becomes annually darker. It has been stated that soils 
have an effect on the colour of flowers. The flower of the common 
Hydrangea hortensis may be changed from pink and rose-coloured to 
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blue, by growing the plant in certain kinds of loam and peat earth. 
Alum in tt>e soil is said to produce a similar e'fiect. 

684. Kohler and Schubler have endeavoured to determine the 
relative proportions between the different colours met with in flowers. 
They examined upwards of 4000 species, belonging to twenty-seven 
natural orders, of which twenty were dicotyledonous, and seven mono- 
cotyledonous. The following are some of their conclusions:— 


1. 

White . 

.119,3 

6. Green. 

.153 

2* 

Yellow. 

. 9.51 

7. Orange. 


3. 

Ked .. 

. 923 

8. Brown . 


4. 


. 594 


. 8 

6 . 

. 

Violet . 

. 307 




685. The proportion of white, cyanic, and xanthic flowers varies in 
different quarters of the globe, and at different elevations. The fol¬ 
lowing are the proportions of colour in different natural orders, de¬ 
duced from the e.xamination of about 120 species of each:— 

Rei Violet Blue. Green Tel Orange. White. 


Kymphiracea;.11 — 11 — 28 — 46 

Kosacev.82 1 — — 52 — 40 

rriinnlacoai.41 7 6 2 15 10 27 

Boragiiiacere.10 9 28 3 13 1 35 

Coiivolvnlaceue.39 10 12 — 7 2 27 

Eanonculacea;.16 4 15 2 42 1 19 

Papaveracoai.38 9 — — 30 7 7 

Campaniilaceae. 5 21 68 — 3 1 10 


Thus, Nymjihffiaceae and Rosace®, according to Schubler and Kohler’s 
observations, contain a large number of white flowering species; Primu- 
laceffi and Convolvulaceee, red; Campanulace®, blue; Ranunculace®, 
yellow. 

686. In arranging flowers in a garden, it is of importance to place 
the complementary colours together, in order to produce the best effect. 
The complementary colour of red, or that which is required to make 
white light, is green; of orange, blue; of yellow, violet; consequently 
blue and orange coloured flowers, yellow and violet, may be placed 
together; while red and rose-coloured flowers harmonize well with 
their own green leaves. When the colours do not harmonize, the 
interposition of white or of black often restores harmony. 


5.—Odocks or Flowers. 

687. The peculiar odours of plants depend on various secreted 
volatile matters, which are often so subtle as to be incapable of detec¬ 
tion by ordinary chemical means. Nothing is known of the causes 
which render one flower odoriferous and another scentless. In some 
eases the odours of plants remain after being dried, but in general they 
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disappear. Some leaves, as of the Woodruff, become scent|d only 
after drying; and certain woods, as Teneriffe rosewood, give out their 
odour only when heated by friction. Meteorological causes have a 
great influence on the odours of living plants. Dew, or gentle rain 
with intervals of sunshine, seem to be the circumstances best fitted 
for eliciting vegetable perfumes. Light has a powerful effect on the 
odour as well as the colour of flowers. Plants, when etiolated by being 
kept in darkness, generally lose their odour. In certain cases, the per- 
iumes of flowers are developed in the evening. Some of these plants 
were called trisles by Linnteus, as Hesperis tristis, or night-scented 
stock. Many orchidaceous plants are fragrant at night only, as some 
Catasetums and Cymbidiums. Oestrum noctnrnum and the white 
flowers of Lychnis vespertine are also night-scented. The odours of 
some plants are peculiarly offensive. This is the case with Phallus 
impudicus, and with the flowers of many Stapelias. 

688. Sehubler and Kohler, whose investigations in regard to colour 
have been noticed, have also made observations on the odours of 
plants in the same monocotyledonous and dicotyledonous orders. The 
following tables show some of their results 


Colour. 

species 

Odoriferous. 

Agreeable. 

Disagreeable. 

White. 

.1193 .. 

. 187 .... 

. 175 ... 

. 12 



. 75 . 

. Cl ... 

. 14 

Red. 

. 923 .. 

. 85 .... 

. 76 .. 

. 9 


. 69-1 .. 

. 31 .. 

23 .. 

7 


. 307 .. 

. 23 .... 

17 . 

6 



. 12 .... 

10 . 

. 2 



. 3 .... 

. 1 .. 

. 2 

Brown. 



0 ... 

. 1 


Thus, of the plants examined, those having white flowers presented 
the larger proportion of odoriferous species. The orange .and brown 
coloured flowers often gave a disagreeable odour. In examining 
numerous species from various natural orders, they found that out of 
100 species of— 


Nymphaeaceffl. 


R^accas. 

. 13 


Primulaceffi. 

. 1 o 


Boracioacc^e. 

. fi 


Convolvulaceae... 



Raaunculaccffi. 



PapaveraceiB. 

. 9! 


Campanulaceee. 




6.—Diseases of Peasts. 

689. Great obscurity attends this department of botany, and much 
remains to be done ere a system of vegetable nosology disease) 
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can 1 m completed. It is, however, of great importance, whether we 
regar(nts bearing on the productions of the garden or the field. Some 
have divided the diseases of plants into general, or those affecting the 
whole plant, and local, or those affecting a part only. A better 
arrangement seems to be founded on their apparent causes, and in 
this way they have been divided by Lankester into four groups. 1. 
Diseases produced by changes in the external conditions of life; as 
by redundancy or deficiency of the ingredients of the soil, of light, 
heat, air, and moisture. 2. Diseases produced by poisonous agents, 
as by injurious gases, or miasmata in the atmosphere, or poisonous 
matter in the soil. 3. Diseases arising from the growth of parasitic 
plants, as Fungi, Dodder, &c. 4. Diseases arising from mechanical 
injuries, as wounds and attacks of insects. 

690 Plants are often rendered liable to the attacks of disease by 
the state of their growth. Thus, cultivated plants, especially such as 
become succulent by the increase of cellular tissue, appear to be more 
predisposed to certain diseases than others. Concerning the first two 
cadges of disease very little is known. Absence of light causes hlanch- 
ing, w’hich m.ay be looked upon as a diseased state of the tissues. Ex¬ 
cess of light may cause disease in plants whoso natural habitat is shady 
places. Excess of heat is sometimes the occasion of a barren or 
diseased state of some of the organs of the flowers, and frost acts 
prejudicially on the leaves, stem, and flowers. By excess of moisture, 
a dropsical state of the tissue is induced. 

691. Concerning the influence of atmospheric changes on plants, 
very little has been determined. Many extensive epidemics seem to 
depend on this cause. Thus, the late potato disease must be traced, 
apparently, to some unknown miasma conveyed by the air, and 
operating over large tracts of country; the disease probably affecting 
some plants more than others, according to their st.ate of predisposition, 
and in its progress leading to disorganization of the textures, alteration 
in the contents of the cells and vessels, and the production of Fungi, 
&c. In the early stage of the disease, as witnessed in 1845, Harting 
observed that a brown granular matter was deposited in the.interior 
of the cells, beginning with those near the surface. For some time 
the cell-walls and starch-grains remained uninjured, but were ulti¬ 
mately attacked, the former losing their transparency, and the latter 
becoming agglomerated in masses. Subsequently to this, parasitic 
organisms of various kinds made their appearance, cavities were formed, 
and rapid decay took place. Among the vegetable parasites, were de¬ 
tected species of Fusisporium, Oidium, Botrytis, Capillaria, Polyactis. 
Berkeley supports the Fungus theory of Potato disease, while Solly thinks 
that the development of parasites is a secondary step in the morbid 
process. The prevalence of hot or cold weather, the amount of light 
and moisture, changes in the atmosphere, and electrical conditions of 
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the air and earth, are in aJl probabiJity connected with epidemic 
diseases. Some, with Liebig, attribute the late potato disease to sup¬ 
pressed evaporation and transpiration, depending on the hygrometric 
state of the atmosphere. The vessels and cells are said to become 
charged with fluids, stagnation of the circulation takes place, and thus 
disease and death are induced.* The general conclusions to be drawn 
from the various researches that have been instituted and opinions 
which have been advanced respecting the cause and progress of this 
epidemic may be thus stated. Coincident with, if not consequent on 
certain meteorological and epidemic influences, alterations are accom¬ 
plished in the cellulose and contents of the cells. Decay follows on 
those changes. In the decayed and decaying matter, parasitic Fungi 
find a nidus for growth and progress equally with the disease of which 
they are primarily a consequence, and to the extension of which they 
in their turn contribute. 

C92. Gangrene in plants is caused by alterations in the contents of 
the cells, leading to death of a part. In succulent plants, as Cactuses, 
this disease is apt to occur. It is capable of extension by contiftt of 
the diseased cells. Sometimes excision of the diseased part checks the 
progress of the gangrene. Canker, which attacks Apple and Pear trees, 
is a kind of gangrene. Some of the most important diseases of corn and 
other agricultural crops, are owing to the production of Fungi. These 
have been divided into 1. Those attacking the grain, as Uredo foetida, 
or pepper-brand. 2. Those attacking the flower, as Uredo segetum, 
or smut. 3. Those attacking the leaves and chaff, as Uredo Eubigo, 
or rust. 4. Those attacking the straw, as Puccinia graminis, or corn 
mildew. 

693. Smut-halls, pepper-brand, or blight, is a powdery matter, occu¬ 
pying the interior of the grain of wheat, &o. When examined under 
the microscope, it consists of minute balls, four millions of which may 
exist in a single grain, and each of these contains numerous excessively 
minute sporules. It is caused by the attack of Uredo Caries, or foetida. 
In this disease the seed retains its form and appearance, and the 
parasitic fungus has a peculiarly fetid odour, hence called slinking 
rust. 

694. Smut or dust-brand is a sooty powder, having no odour, found 
in Oats and Barley, and produced by Uredo segetum. The disease 
shows itself conspicuously before the ripening of the crop. Bauer says 
that in tbs’ojb part of a square inch he counted 49 spores of the 
uredo. 

695. Bust is an orange powder, exuding from the inner chaff scales, 
and forming yellow or brown spots and blotches in various parts of 
com plants. It owes its presence to the attack of Uredo Eubigo. It 

• Seo remarks on this subject by Klotrsch, transIateC by Gregory, In the Appcndii to Ueblg’a 
work on the Motion of the Juices. London, 1843. 
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is sometimes called red gum, red robin, red rust, and red rotg. Some 
consider Mildew (Uredo linearis) as another state of the same disease. 

696. Those Fungi which are developed in the interior of plants, 
and appear afterwards on the surface, are called entophytic (inros, 
■within, and <pvr6u, a plant). Their minute sporules are either directly 
applied to the plants entering by their stomata, or they are taken up 
from the soil. Many other Fungi grow parasitically on plants, and 
either give rise to disease, or modify it in a peculiar way. Among 
them may be mentioned species of Botrytis, Fusisporium, Depazia, 
Solerotium, Fusarium, and Erysiphe. Fusisporium solani is con¬ 
sidered by Martius as the cause of a certain disease in the Potato. In 
the recent potato disease, the Botrytis infestans, a species of Fusarium, 
and Other Fungi, committed great ravages, spreading their mycelium 
or spawn through the cells of the leaves and the tuber, and thus ac¬ 
celerating their destruction. Berkeley, Morren, and Townley, con¬ 
sider the Botrytis as the cause of the disease. Various species of 
Botrytis also attack the Tomato, Beet, Turni}), and Carrot. A species 
of #epazia sometimes causes disease in the knots of Wheat. A dis¬ 
eased state of Eye and other grasses, called ergot, owes its production 
to the presence of a species of Cordyceps. By the action of the fun¬ 
gus, the ovary becomes diseased and altered in its appearance, so as to 
be dark-coloured, and project from the chaff in the form of a spur. 
Hence the name spurred rye. The nutritious part of the grain is de¬ 
stroyed, and it acquires certain qualities of an injurious nature. Spon¬ 
taneous gangrene is the consequence of hving for some time on diseased 
rye. Ergot h.is been seen in Lolium perenne and arvense, Festuca 
pratensis, Phleum pratense, Dactylis glomerata, Anthoxanthum odo- 
ratum, Phalaris arundinacea, &c. 

697. Fruirs when over-ripe are liable to attacks of Fungi, which 
cause rapid decay; Wooi! also, especially Alburnum or sap-wood, is 
injured by the production of Fungi. Dry rot is the result of the 
attack of Merulius lacrymans, which in the progress of growth de¬ 
stroys its texture, and makes it crumble to pieces. Some kinds of 
wood are much more liable to decay than others. 

698. The diseases caused by attacks of Fungi may be propagated 
by direct contact, or by the diliusion of the minute spores through the 
atmosphere. When we reflect on the smallness of the spores, the 
millions produced by a single plant, and the facility with which they 
are wafted by the wind in the ^form of the most impalpable powder, 
we can easily understand that they may be universally difiused and 
ready to be developed in any place where a nidus is afforded. Per¬ 
haps some of the diseases affecting man and animals may be traced 
to such a source. Quekett found that he could propagate the 
ergot by mixing the sporules with water, and applying this to the 
roots. 
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699. In order to prevent these diseases, it has been proposed to steep 
the grains in various solutions previously to being sown. For this 
purpose, alkaline matters and sulphate of copper have been used. In 
all cases, the seed should be thoroughly cleansed. Smut and pepper- 
brand have been averted by these means. In the case of the latter, 
diseased grains are easily removed by being allowed to float in water, 
and the grains that remain are washed with a solution of lime, com¬ 
mon potash, or substances containing ammonia, which form a soapy 
matter with the oil in the fungus. A weak solution^ of sulphate of 
copper acts by destroying the fungus. To preserve wood from dry rot, 
the processes of kyanizing and burnetizing have been adopted: the 
former consists in making a solution of corrosive sublimate enter into 
the cells and vessels; the latter, in impregnating the wood with a 
solution of chloride of zinc. Creosote has also been used to preserve 
wood. Boucherie proposed that a solution of pyrolignite of iron 
should be introduced into trees before being felled, by making perfora¬ 
tions at the base of the trunk, .and allowing the absorbing power of the 
cells and vessels to operate. This plan does not appciar to hav^been 
successful, although reported favourably to the French Academy, and 
also recommended by Mr. Hyett. 

700. Other diseases in plants owe their origin to insects. Earcockles, 
purples, or pepper-corn, is a disease affecting especially the grains of 
wheat. The infected grains become first of a dark green, and ulti¬ 
mately of a black colour. They become rounded like a small pepper¬ 
corn, but with one or more deep furrows on their surface. The glumes 
spread open, and the awns become twisted. The blighted grains are 
full of a fine white cottony matter, which, when moistened and put 
under the microscope, is seen to consist of a multitude of minbte in¬ 
dividuals of the Vibrio triciti, or eel of the wheat. The animalcules 
deposit their eggs in the ovary, and their young are hatched in eight 
or ten days. Henslow calculates that 60,000 of the young might be 
packed in a moderately sized grain of wheat. The Vibrio retains its 
vitality long. It will remain in a dry state for six or seven years, and 
when mobtened with water will revive. The wheat-fly, or Cecidomjda 
tritici, is another destructive insect. It deposits its eggs by means of 
a very long retractile ovipositor, and b seen abundantly in warm even¬ 
ings. The Cecidomyia destructor, or Hessian fly, also causes injury, 
and is said to be very destructive to wheat in America. These insects 
are destroyed in numbers by the Ichneumons, which deposit their ova 
in their bodies. The Apple-tree mussel, or dry-scale, Aspidotus con- 
chiformb, attacks the bark of Apples, Pears, Plums, Apricots, and 
Peaches. Many of the Coccus tribe are highly injurious to plants. 
One of this tribe, in 1843, destroyed the whole orange trees in the 
bland of Fayal, one of the Azores. Many insects cause the rolling up 
of leaves. Tortricida viridana acts fhus on the leaves of the Oak, and 
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various species of Losotscnia do so with other trees. Adelges abietis 
is the aphis which causes tlie leaves of the Spruce-fir to be united 
together, so as to have the appearance of a cone. 

701. Many insects, called miners, make their way into the interior 
of leaves, and hollow out tortuous galleries, sometimes causing an 
alteration in the colour of the leaves. Galls are caused by the attacks 
of species of Cynips, w'hich are provided with ovipositors, by means of 
which they pierce the bark or leaves with the view of having a nidus 
for their ova. These galls are very common on the Oak, and are 
called oak-apples. Sometimes they have one cavity, at other times 
they are divided into numerous chambers, each containing a grub, 
pupa, or perfect fly, according to the season. Galls are produced on 
the twigs, catkins, and leaves of the Oak. The artichoke gall of the 
Oak depends on an irregular development of a bud, caused by the 
attack of insects, and consists of a number of leafy imbricated scales 
resembling a young cone. On examining the galls of commerce, the 
produce of the Quercus infectoria, some are of a blue colour, qpntaining 
the%rva of the insect; others are pale, and are marked with a per¬ 
foration by which the insect has escaped. Extensive ravages are 
committed in Elms and other trees by the attacks of Scolyti. The 
presence of much moisture, such as the rapid flow of sap, destroys 
them. Mr. Robert found that the flow might be promoted by taking 
off the suberous layer of the bark, and he proposes this as a method 
of getting rid of the insects. Some galls are formed in the substance 
of leaves, and burst through the cuticle in the form of ovate bodies, 
with crenate borders and opercula, which are pcrfbriited in the centre. 
These galls resemble parasitic fungi. Oak-spangles are galls of this 
nature. They are attached by a central point to the outer surface of 
the leaf, the inner side being smooth—the outer red, hairy, and fringed. 
Each contains a single insect, which retains its habitation till March, 
long after the leaves have fallen to the ground. 

702. It is impossible’in this place to enumerate all the insects which 
attack plants. Almost every species has certain insects peculiar to it, 
which feed on its leaves, juices, &c., and often cause great injury. 
Those which are common to hot-houses and green-houses, have called< 
for the special attention of horticulturists, and various means have 
been suggested for their removal or prevention. Among them may 
be enumerated, vapour of tobacco and ammoniacal liquor of gas-works, 
to kill aphides ; vapour of sulphar, for the red spider; vapour of tur¬ 
pentine, for the wasp ; vapour of crushed laurel leaves, for the white 
bug; coal tar, for the wire-worm, &c.* 

• For further remarks on the Diseases of Plants, see Hcnslow’s paper in the Journal of tlit 
Uojai Af^icaltura] Society of Euglaud. 
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CIIAPTEB I. 

SYSTEMS OF CLASSIFICATION. 

703. Teis department of Botany may be considered as a combina¬ 
tion of all the observations made on the structure and physiology of 
plants, with the view of forming a scientific arrangement. It can only, 
therefore, be prosecuted successfully after the student has acquired a 
complete knowledge of Organography. In every branch of science, 
arrangement is necessary in order that the facts may be rendered avail¬ 
able, and this is more especially the case when a knowledge of species 
is to be .acquired. When it is considered that there are upwards of ) 
120,000 known species of plants, it is obvious that there must be a f 
definite nomenclature and classification, were it only to facilitate refer¬ 
ence and communication. Taxonomy has sometimes been pursued 
with no higher aim than that of knowing the nSmes of plants. When 
prosecuted in such a spirit, it does not lead to an enlarged and philoso¬ 
phical view of the vegetable kingdom. In aU truly scientific systems, 

Regard is paid, not merely to the determination of the names of the 
species, but to their relations and affinities, so as to give some concep¬ 
tion of the order which has been followed in the plan of creation. 

704. In Classifactory Sciences, the arrangements are founded upon 

an idea of likeness —an idea, however^ which is applied in a more exact 
and rigorous manner than in its common and popular employment. 
The resemblances of the objects must rest, not on vague generalities, 
but upon an accurate scientific basis. In order that an arrangement 
may be constructed on philosophical principles, and that it may be 
rendered useful for the purpose of science, the following steps are re- • 
quired:—!. A Technical artificial or conventional) language, ' 
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rigorously defined, or what is termed Glossology a tongue oi 

language, and /o'yof) ® discourse), and Termonology -opo;, a 

termination). The meaning of the terms in this descriptive language 
must not depend on fancied resemblances, but must have a precise de¬ 
finition, and be constant. In acquiring a knowledge of the conven¬ 
tional terms, or of the vocabulary of the science, the student at the 
same time fixes in his mind the perceptions and notions which these 
terms convey, and thus, in reality, becomes acquainted with important 
elementary facts. 2. A Plan of the system, or the principles on which 
the divisions and subdivisions of the system are made, Diataxis {hecTa^ie, 
orderly arrangement), or what is projierly called Taxonomy 
order, and pofio;, law). There have been two great plans proposed in 
Botany, one denominated artificial, the other natural. The first is 
founded on characters taken from certain^ parts of plants only, without 
reference to others; while the second takes into account all the parts 
of plants, and involves the idea of affinity in essential organs. 3. There 
must be also the means of detecting the position of a plant in a system 
by short diagnostic marks. In doing so, a few essential characters are 
selected in accordance with natural affinities. The division into genera 
is a most valuable help in determining plants. Linnajus did great ser¬ 
vice to science by his generic divisions, and by adopting a binominal 
(bis, twice, and nomen, a name) system of nomenclature, in which the 
genus and species are included in the name of the plant. 

705. Specicn.—No classification can be made unless the meaning of 
the term species is defined. By species, then, are meant so many 
individuals as are presumed to have been formed at the creation of 
the world, and to have been perpetuated ever since. A species em¬ 
braces individuals which resemble each other more closely than they 
do any other plant, so that they are considered as originating from a 
common parent; and their seeds produce similar individuals. There 
may be differences in size, colour, and other unimportant respects; 
and thus varieties may exist, exhibiting minor differences, which are 
not, however, incompatible with a common origin. Varieties owe 
their origin to soil, exposure, and other causes, and have a constant 
tendency to return to their original type. They are rarely propagated • 
by seed, but can be perpetuated by cuttings and grafts. By cultiva¬ 
tion, permanent varieties or races have been produced, the seeds of 
which give rise to individuals varying much from the original specific 
type. Such races are kept up entirely by the art of the gardener, and 
may be illustrated in the case of the Cereal grains, and of culinary 
vegetables, such as Cabbages, Cauliflower, Brocoli, Turnips, Radishes, 
Peas. It is only after a series of years that these permanent varieties 
have been established, and there is still a tendency in their seeds, when 
sown in poor soil and neglected, to produce the original wild form. 
Periaglent varieties in the animal kingdom may be illustrated by the 
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different races of mankind. By scattering the pollen of one plant on 
the pistil of an allied species, seeds are formed, which, when sown, pro¬ 
duce intermediate forms or hybrids 516). Hybrids, however, are 
rarely perpetuated by seed. 

706. Many species vary in a remarkable manner, without any ex¬ 
ternal influences to account for it. Thus, a plant of Fuchsia has pro¬ 
duced, in successive years, flowers differing so much in form and 
shape, that, if they had not been known to be produced by the same 
plant, they would have been considered as belonging to distinct species. 
Such is also the case with Calceolarias, some species of Amaryllis, and 
many Orchids. Hence there is sometimes considerable difficulty in 
determining what are true species, and what are only varieties, more 
especially when these varieties are permanent and reproduce themselves. 
To this must in part be attributed the disputes which have arisen 
among botanists as to the species of many British genera, such as 
Roses, Rubi, Salices, and Ilicracia. The following table shows the 
number of British species in some of the British genera, as given by 
different authors, and exhibits the uncertainty which still exists as to 
the limits of species 



Ralix 

Hicradum 

Mentha. 

Bosa. 

Eubus. 

Saxifrage 

Hudson (ITPR) . 

. 16 

... 8 

... 10 ... 

r> ... 

5 ... 

9 

Smith (lH24-'i8) . 

... . 64 

... 18 

... 13 ... 

22 ... 

34 ... 

25 

Lindley (1H35). 

. 2!) 

... 19 

0 ... 

17 ... 

21 ... 

24 

Hooker (1842). 

. 70 

... 13 

... 13 ... 

If) ... 

14 ... 

16 

Babinjfton (1843)... 


... V) 

... 8 ... 

19 ... 

24 ... 

20 

Watson (1844) . 

... . 

... 17 

... 8 ... 

7 ... 

34 ... 

16 

Arntftt (1H55) . 

.... . 3^1 

... 27 

... 0 ... 

19 ... 

25 ... 

16 

Babin^torj (1R'">()).... 


... 33 

... 9 ... 

19 ... 

41 ... 

20 

Benthain (1868) . 

. 16 

... 7 

... 8 ... 

5 ... 

5 ... 

13 


707. It is only after a careful study of such forms during a series 
of years, that any conclusion can be drawn in regard to them. It is 
important to record all the varieties which ocftur, but great care is 
necessary not to raise to the rank of species what are mere accidental 
abberrant forms. Some have of late years advocated the doctrine of 
the transmutation of species or the conversion of one species into an¬ 
other. It has been said, that Oats may be changed into Eye, by being 
constantly cut down for a series ot years before flowering. Such state¬ 
ments are not founded on correct data, and have led to very erroneous 
views and doctrines, which have been recently promulgated with much 
apparent plausibility. All that has been observed in the vegetable 
kingdom leads to the conclusion, that there are distinct species which 
contmue to be perpetuated by seed, and that, although these may vary 
within certain limits, there is always a typical form to which the 
varieties have a tendency to revert. By grafting and other horticultural 
operations, changes of a marked kind may be produced in fruits; but 
the seeds of such fruit, when sown, give rise to individuals resembling 
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the original stock—they perpetuate the typical form, not the artificially- 
produced variety. 

708. Oenera.—Certain species are more nearly allied than others, and 
are conveniently grouped together so as to form a distinct hind or genm. 
A genus, then, is an assemblage of nearly related species, agreeing with 
one another in general structure and appearance more closely than 
they accord with any other species. Thus, the various species of Eoses 
compose one genus, which is distinguished by marked characters. 
Occasionally a subgenus is formed by grouping certain species, which 
agree more nearly with each other in some important particulars than 
the other species of the genus. The characters of the genera are taken 
exclusively from the parts of fructification, while all parts of the plant 
furnish specific characters. In the name of a plant, the genus is given 
as well as that of the species. The latter was called by Linnscus the 
trivial name. Thus, a particular species of Rose is called Rosa spmo~ 
sissima; the first being the genus, and the second the specific or trivial 
name. As regards the definition of genera and species, and nomen¬ 
clature in general, no one has conferred so much benefit on science as 
the great Linnaeus. This may be considered as among his highest 
titles to fame. 

709. Order*. —Several genera agreeing in more general characters, 

although differing in their special conformation, are grouped together 
so as to form an order or family. As genera include allied species, so 
orders embrace allied genera Subdivisions arc also made to facilitate 
reference, so that suborders and tribes are formed, consisting of certain 
genera, more nearly related in particular characters than others. 
Tlius, the order Eosacese, or the Eose family, includes the genera 
Eosa, Eubus, Potentilla, Fragaria, Prunus, &c., which all agree in 
certain general characters, and the order is divided into various sub¬ 
orders, such as the true Eoses, the Amygdaleae, comprehendiug the 
Plum, Almond, Peach, &c.; the Potentilleae, embracing the Cinquefoil, 
Strawberry, Easpberry, &c. 854). 

710. ctasaes.—Orders having some general characters in common, 
are united together in classes, and subclasses are formed in the same 
way as suborders. This is the general plan upon which botanical 
classification proceeds. With the exception of the individual species, 
all the divisions are more or less arbitrary. In making them, however, 
the object of the enlightened botanist is to follow what he considers to 
be the natural affinities, and thus to trace, as far as possible, the order 
which pervades the vegetable creation. 

711. K«»e«Oai Characier*. —Each of the divisions of a system is 
accurately defined, the characters being as short as is consistent with 
precise diagnosis. Such characters are called essential, and they em¬ 
brace only those points by which the group is distinguished from the 
others in the same section. The complete description of an individual 
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gpeoles, from the root to the flower and fruit, is called the natural 
character, and embraces many particulars whidi are not requisite for 
the purpose of diagnosis. The essential characters of genera, when in 
Latin, are put in the nominative case, while those of species are in the 
ablative. 

712. Nomeaciawre, —The names of genera are variously derived, 
from the structure or qualities of the group, from the name of some 
eminent botanist, &c.; while specific names have reference also to the 
country where the plant is found, the locality in which it grows, the 
form of the leaves, root, stem, or the colour of the flowers, &c. When 
a species is named in honour of its discoverer or describer, his name 
is put in the genitive, as Carex Vahlii, or the Carex detected by Vahl; 
but if it is merely in compliment to a botanist his name is added in 
an adjective form, as Junaei'mannia Doniana, or a Jungermannia named 
in honour of Don, as a botanist. Sometimes two nouns are united in 
a specific name, as Dictamnus Fraxinella. In such cases, the specific 
name is often an old generic one, has a capital letter prefixed, and 
does not necessarily agree in gender with the name of the genus. The 
name of the orders in what is called the natural system, are derived 
from one of the typical genera included under them. 

713. AbbMiTiationn and Symbaia.—It is of great importance that 
correct descriptions should be given of species, for without them it is 
imposfiible to form the groups accurately. The difficulties of the 
taxonomist are often greatly increased by imperfect and careless 
descriptions. Valuable directions are given in Lindley’s Introduction 
to Botany, as to the proper method of describing plants. There are 
certain abbreviations in constant use among botanists, which it may 
be of importance to notice here. The authorities for genera and 
species are given by adding the abbreviated name of the botanist who 
described them. Thus Veronica L., is the genus Veronica as defined • 
by Linnaeus; Veronica arvensis L., is a certain species of Veronica, de- | 
fined by the same author; Oxi/tropis DG., is the genus as defined by 
De Candolle. It is usual in descriptive works to give a list of the 
authors, and the symbols for their names. The abbreviation v. s. sp., 
means vidi siccam spontaneam, or that the author has seen a dried wild 
specimen of the plant; v. s. c., means vidi siccam cultam, or that he 
has seen a dried cultivated specimen; v. v. s., means vidi vivam spon¬ 
taneam, or that he has seen a living wild specimen; while v. v. c., 
means vidi vivam cultam, or that the author has seen a living cultivated 
specimen. The asterisk prefixed to a name (*L.), indicates that there 
is a good description at the reference given to the work; while the 
dagger (fL.), implies some doubt or uncertainty. The point of admira¬ 
tion (IDC.), marks that an authentic specimen has been seen, from 
the author named ; and the point of interrogation (‘f) indicates doubts 
as to the correctness of genus, species, &c., according as it is placed 
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after the name of the one or other. ©, 0 )©i of A, annual; ^, © ©, 
or B, biennial; If, a, or P, perennial; b, 5 , or Sh, shrub; 
(, twining to the right; ), twining to the left; 5 > hermaphrodite; 
S , male; ?, female ; S — ?, moncecious, or the male and female on 
one plant; S ; ? , dioecious, or the male and female on different plants; 
00 or 00 , means indefinite in number. After the description of a 
plant, its habitat, or the country and locality in which it grows, is 
given. If the plant has been described by oibers, reference is given 
to the work in which the description may be found. If it has re¬ 
ceived different names, the synonymes must be carefully detailed, and 
ought to be arranged in chronological order. 

714. Mratemii.—Various attempts have been made at different times 
to classify plants. One of the earliest methodical arrangements was 
that of Ctesalpinus, in 1583. It was entirely artificial, and the same 
thing may be affirmed of those of Gesner, Morison, Kivinus, and Tour- 
nefort. The system propounded by Tournefort was for a long time 
adopted by the French school, but was ultimately displaced by that 
of Linnreus, who must be looked upon as the great promulgator of the 
artificial method. In 1G82, Ray published a system which laid tlie 
foundation of the natural method of classification. It was long 
neglected, and did not receive the attention it deserved, until Jussieu 
entered the field, and developed his views. Since that time, the 
natural method has been advanced by the labours of De Candolle, 
Brown, Endlicher, Lindley, and many others. 

715. iiinnsean Btrsiem.—Although the Linnaean system is not in 
conformity w'ith natiual affinities, and does not tend to comprehen¬ 
sive views of structure, still it is useful to the student as an index. 
Linnasus himself did not consider it as occupying a higher position, 
and he stated distinctly that a natural method was the great object of 
scientific inquiry. When not elevated to a rank which its author 
never meant it to occupy, this system may, with all its imperfections, 
be employed as a useful artificial key, and as such may be combined 
with the natural system. In many works of the present day, as in 
Babington’s Manual of British Botany, the Linntean system is used 
as an index to the genera. In the Linnaean or sexual system, twenty- 
three classes are founded on the number, position, relative lengths, and 
connection of the stamens; while the orders in these classes depend 
on the number of the styles, the nature of the fruit, the number of 
stamens in the classes where this character is not used for distinguish¬ 
ing them, and the perfection of the flowers. The twenty-fourth class 
includes plants having inconspicuous flowers, and in it the orders are 
formed according to natural affinities. Under these classes and orders, 
all the known genera and species were arranged. It is in the higher 
divisions that the system is ai’tificial, for, as regards genera, the Linnaean 
rules are followed even in the natural systems of the present day. 
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716, Tabular View of the Classes op the Linn^an System. 

A. Flowers present (Phanerogamia). 

I. Stamens and Pistil in every flower. 

1. Stamens Free. 

o. Stamens of equal length, or not differing in certain propor¬ 
tions ; mai® ^ Btarnen, 

in numlW 1........Class I. Monandria.Atew, one. 


11. Diandria.........^^Vy two. 


8....,. III. Triandria.three. 


IV. Tctrandria..four. 

- 5. V. Pentandria.. rtwriy five. 

- 6. VI. Hexandria.Ui six. 

- 7. VII. Ueptandria. iVt*, seven- 

8 . VIII. Octandria.eight 

9 . IX. Enneandria.nine. 

- 10. X. Decandria.Je**, ten. 

-12-19............... XI. Dodecandria..twelve. 

— 20) Inserted on Calyx XII. Icosandria.......twenty 

XIII. Polyandria.!r«Xy;, many. 




or more ) — on lleceptacle 
h. Stamens of different lengths; 
two long and two short...., 
four long and two short.. 

2. Stamens united; 

by Filaments in one bundle. XVI. Monadelphia..^ 

-in two bundles. XVII. Diadelphia.... > brother, 

-in more than two bimdlea. XVIII. Polyadelphia..J 

by Anthers (Compound flowers) XIX. Sjnigenesia... 

with Pistil on a Column. XX. Gynandria.female. 

II. Stamens and Pistil in different 

flowers; on the same Plant. XXI Monoecia.\ - . 

on different Plants.XXll. Dioecia. ( *'*‘’‘* 

Ill. Stamens and Pistil in tlie same^ 

or in different flowers on the> XXIII. Polygamia..y*#*#*, marriage. 

same or on different plants....J 

B. Flowers Absent.XXIV. Cryptogamia..conce-aled. 


717. Tabular View of the Orders of the Lirn^ran System. 


Class I.'l 

Monogynia. 


II. 

1 Digynia. 


III. 

TrigjTiia. 

. 3 — 

IV. 

Tetragynia.... 

. 4 

V. 

Pentagynia. 


VI. 

Ilexagynia. 

. G — 

VII. 

Heptagynia. 

. 7 

VIII. 

Octogynia. 

. 8 

IX. 

Eimeagynia. 


X. 

Decagynia. 


XI. 

Dodecagynia.. 

.12-19 

XII. I 
XIII. 

Polygynia.. 



female or pistiL 

.one. 

. Sit, two. 

....T***, three. 

four. 

....Ttyri, five. 

....i'l, six. 

....i<rr«, seven. 

eight. 
....ti'i'fa, nine, 
ten. 

twelve 

many. 
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fGymnospennia.Fruit formed by four AchaBuia'k tvittit, naked. 

XIV. •< Angiospermia.Fruit, a two-celled Capsule.... > 6.yrtt, a vessel. 

{ with many seeds.) a seed. 

(Siliculosa..Fruit, a Silicula. 

(Siliquosa.Fruit, a Siliqua. 

t Triandria, Decandria, &c. (number of Stamens), as in the Classes. 


XV. 

XVI. 1 
XVII. 

XVIII. J 


'Polygamia iE(iualis.Florets all hermaphrodite. 

- Superflua,*,..Florets of the disk hermaphrodite, those of the ray 

pistiiliferous and fertile. 

- Frustranea...Floret3 of the disk hermaphrodite, those of the ray 

XIX..) neuter. 

■ Nccessaria...Florets of the disk staminiferous, those of the ray 
pistiiliferous. 

■ Sogregata....Each floret having a separate involucre. 

1 Monoganua.Anthers united, flowers not compound. 

XX.) 

XXI. V Mouandria, Diandrio, &.c. (number of Stamens), as in the Claeses. 

XXII.) 

* wr . staminiferous, and pistiiliferous 

ho eame plant 
on two plants, 
on three plants. 


XXIIL 


XXIV. 


( MonoDcia. 

i 

flowers ou 

) Dioccia. 

1 Trioecia.... 


1 Filices. 


f Musci. 


! Hepaticiu. 


1 Licbones. 


i Algae.. 

Fungi.. 




718. Even as an artificial method, this system has many imperfec¬ 
tions. If plants are not in full flower, with all the stamens and styles 
perfect, it is impossible to determine their class and order. In many 
instances, the difierent flowers on the same plant vary as regards the 
number of the stamens. Again, if carried out rigidly, it would separ¬ 
ate in many instances the species of the same genus; but as Linnaeus 
did not wish to break up his genera, which were founded on natural 
affinities, he adopted an artifice by which he kept all the species of 
a genus together. Thus, if in a genus nearly all the species had both 
stamens and pistils in every flower, while one or two were moncccious 
or dimeious, he put the name of the latter in italics, in the classes and 
orders to which they belonged according to his method, and referred 
the student to the proper genus for the description, 

719. Naiami Syxtem.—It has been already stated, that a natural 
system endeavours to bring together plants which arc allied in all 
essential points of structure. It purposes to ascertain the system of 
nature, and the affinities of plants; and, in doing so, it takes into 
account all their organs. Every natural method, however, is, to a 
certain extent, artificial, and is likely to be so. It is impossible to 
show the affinities of plants in a lineal series; many orders pass insen- 



















PLAN OF TBS KAT0BAI, BTSTEM. 


857 


sibly into others, so that their limila cannot he accurately defined; and 
no perfect system can he constituted until all the plants of the glohe 
are known. Moreover, many artificial means are avowedly used in 
all natural systems to aid the student. 

720. The early natural systems were very imperfect, being founded 
on comparatively vague views of structure and affinity. Such were 
the systems of Magnolius and Adanson. The sketch of a natural sys¬ 
tem by Linnasus was very incomplete, and even that of the celebrated 
Ray was imperfect. It was not until the knowledge of structural 
botany had advanced, that the affinities of plants were ascertained, and 
the relative importance of the different characters discovered. The 
natural systems of the present day recognize a certain subordination 
of characters, founded on the fact that some organs are of more impor¬ 
tance to the life of plants than others. The relative values of these 
characters are determined by the study of organization, and are not 
fixed by arbitrary rules. The following table will illustrate this 
subordination of character:— 


721, SuBOKDlNATION IN VALUE OF THE OrOANS OF THE SAME CLASS. 


Relative Values. 

1 . 


2 . 


8 . 


4 

5. 


Elementary. 
Cellular Tissue. 

["Vascular Tissue.. 

I a. Spiral Vessels . 
6. Porous Vessels, 
c. Scalariform 

Vessels.. 

Stomata. 


KutritiTC. 


r Embryo. 

I a. Cotyledon. 
6- Radicle. 
c. Plumule, 
pore. 

I Prothallos., 


Root, Stem, Leaf, 
Frond, Thallus. 


Reproductive. 


I 

{ 


1. Stamens and Pistil. 

2. Antheridia and Arch.- 

gonia. 

3. Fruit. 

Pericarp. 

Theca. 

Perianth. 

а. Corolla. 

б. Calyx. 

Inflorescence. 

Torus, Nectary. 

Bract, Involucre. 


722. Thus, cellular tissue occupies the highest place, as being most 
universally diffused, and capable of carrying on all the functions; next 
comes vascular tissue. By the consideration of these, the two great 
divisions of cellular and vascular plants are determined. There is 
nothing in the nutritive and reproductive systems of the same value as 
cellular tissue. The embryo and its parts are reckoned as occupying 
the highest place in the nutritive system, and as corresponding in value 
with the vascular among the elementary tissues. In the same way 
the other values are determined. In examining organs, it is essential 
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to compare those which belong to the same series; for an organ which 
occupies the highest place in one series, may be inferior in value to a 
second-rate organ in another. The comparative importance of the 
different series must be taken into account also. Thus, the nutritive 
may be considered as of more importance than the reproductive func¬ 
tion, as being more essential for the life of the individual; and an 
organ of first-rate value in the one, will therefore assume a higher func¬ 
tion than one of the same value in the other. The changes which take 
place in any one set of organs are often accompanied with changes in 
others; and thus it is found that natural divisions may be arrived at 
by different routes—for instance, by the elementary, nutritive, and re¬ 
productive functions. This gives the true notion of affinity; and clas¬ 
sifications formed on such principles will obviously be more valuable, 
in a practical and physiological point of view, than those which adopt 
characters in an arbitrary manner. 

723. PrtmaiT XtiviMloun of the Vcactablo Kinadeni.— In taking a 

survey of the Vegetable Kingdom, some plants are found to be com¬ 
posed of cells only, and are called Cellular 8); whUc others consist 
of cells and vessels, especially spiral vessels, and are denominated Fds- 
cular 28). If the embryo is examined, it is found in some cases to 
have cotyledons or seed-lobes, in other cases to want them; and thus 
some plants are cotyledonous, others acotyledonous 590); the former 
being divisible into monacotyledonous, having one cotyledon; and di¬ 
cotyledonous, having two cotyledons. The radicle, or young root of 
acotyledons, is heterorliizal C29), that of monocotyledons is endorhizal 
(Tf 628), that of dicotyledons, exoihizal 629). When the stems are 
taken into consideration, it is seen that marked differences occur here 
also, acotyledons being acrogenous, monocotyledons endogenous, and 
dicotyledons exogenous 107). The venation of leaves, parallel, 
reticulated, or forked (IT 143), cstablishe.s the same great natural di¬ 
visions ; and similar results are obtained from a consideration of the 
flowers, monocotyledons and dicotyledons being phanerogamous, and 
acotyledons cryptogamous 823). 

724. Thus, the following grand natural divisions are arrived at:— 

1. Cellular... Acotyledonous. Ueterorhizal. A erogenous. Cryptogamous. 

9 Viiooiilar /I'lonocotylednnous. Endorliiral. Endogenous.! ->1. 

'^““"ar.. Exorhizal. Exogenous. / 

These larger groups are, on similar principles, subdivided, until at 
length genera and species are re.ached by a process of analysis. 
Similar results will be obtained by a synthetical process, conducted on 
the same principles, and proceeding from species upwards. 

725. Henslow illustrates the divisions and subdivisions of a natural 
system by reference to Anthyllis Vvlneraria, thus:— 
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I. Class . 

... Dicotylcdones. 

Subclass ... ... 

Calyciflor®. 

11. Order . 

... Leguminos®. 

Suborder ... 

... Papilionace®. 

Tribe . 

... Lote®. 

Subtribo . 

... Geniste®. 

III. Genus . 

... Anthyllis. 

Subgenus or Section 

... Vulneraria. 

IV. Species . 

... Vulneraria. 

Variety . 

... Dillenli. 

Bace . 

... Floribus coccineis. 

Variation . 

... Foliis hii^utissimis. 


726. The most important natural systems are those of Jussieu, De 
Candolle, Endlicher, and Lind Icy. The larger divisions of each of 
them are given in a tabular form. 


727. Classes OF Jussieu’s System. 

Acotyledones.Class I. 

tMono-lij-p<igyn«, (.Stain''n3 hypogynous). JI. 

Monocotyledones.jMono-tJi!r)gynae...(-perigynous). III. 

(Moiio-c'pignia!—( -cpigyaous). IV. 

f Monoclines, Flowers hermaphrodite. 


Apetalse. 

(No Petals.) 


■g I 


l^fcnopetalsc, 
(I'Ctals united.) 


EpistamineaU.(Stamens epifjynous)..,. 

reristamineae ....(-perigynous).. 

nypostaniineai...( -hypogj’nous). 


HypocorollfE.(Coi oI!a hypogy nous).. 

Pcricoroliie.( ■ perig\ iiou.s). 

f Synaiithenn. 

((Corolla J (anthers united) 

Epicorollx... \ epig}^l0us) } CorismthcraB. 

L (anthers fi-ee) 


V. 

VI. 

VJI. 

vin. 

IX. 

X. 

XI. 


^Epipetalas.(Petals epigynous). XU. 

Polypetalre.v Hypopetalae.( -hypogynous). XIll. 

(Petals distinct).. (Feripetahe.( - perigynous). XIV. 

_Dicliiies.Flowers unisexual, or without a perianth. XV. 

Under these Classes Jussieu included 100 Natural Orders, or Groups of Genera. 


728. Classes of the Natural System op De Candolle. 
A. VaSCULARES or CoTYLEDONEiE. 


Class I. Dicotylcdones or Exogense. 


Dichlamyde®, 
having calyx 
and corolla. 

Having a single 
perianth. 


f Subclass 1. Thalaniitlor®.Petals distinct, stamens hypo- 

i gynous. 

— ' 1. CaUeidor®...Petals distinct or united, stamens 

jieiigynous. 


l 


} 


3. Cun'indorse.Petals united, hypogjmous, bear¬ 

ing the stamens. 

4. Monochlamydeje....A calyx only, or none. 


Class It. Monocotyledones or Endogen®. 

Subclass 1. Mon-Phancrogamce.Having floral envelopes. 

— ■■ ■ - 2. Mon-Cryj)to*am®.Having no floral envelopes. 
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B. Cmxoi.AiiBa oe Aootyi.ed<»ieje. 

Class III. Acotyledones. 

Subclass 1. FoUossb .Having leaves. 

—■ - - 2. Aphyllffi .Leafless. 

729. By some recent authors, this system has been modified, so as 
to include, under Corolliflorse, all Dicotyledons with united petals, 
whether hypogynous or not, and to exclude from Class II. all plants 
without flowers. It is then presented in the following form:— 


MonmcATioH op Decandollb’s Stsibm. 


Dlchlamydese, 
having calyx 
and corolla. 

Havingasingle 

perianth 


Class I. Dicotyledones or Exogensc. 

Subclass 1. Thalamiflorte.Petals distinct, stamens hypogynous. 

--2. Calyciflorsa,.Petals distinct, stamens perigynous. 

_-3. Corolliflorffi,.Petals united, bearing the stamens. 

-4. Monochlamydefflj.A calyx only, or none. 


Class II. Monocotylcdones or Endogenss. 

Subclass 1. Petaloidese or Floridce,.Floral envelopes veTticillate. 

-2. Glumacese.Floral envelopes imbricated. 

« 

Class III. Acotyledones or Acrogence. 


Subclass 1. uEtheogam®,.Having vascular tissue. 

'■ 2, Amphigama;} or Cellulares,..Entirely cellular. 


730. System of Endlichkb. 

EEGION I.—THALLOPHYTA frond, a plant). No opposition of 

stem and root No spiral vessels, and no sexual organs. Propagated 
by spores. 

Section i. Protopiiyta (T^rTw, first or originating). Developed without 
soil; derhdng nourishment all around; fructification indefinite. 

Section ii. Htsterophyta posterior or deri\'ative). Developed on 

decaying organisms; nourished intenially from a matrix; all the or¬ 
gans appearing at once, and perishing in a definite manner. 

EEGION II.—CORMOPHYTA a stalk or trunk). Opposition of stem 

and root Spiral vessels and sexual organs distinct in the more per¬ 
fect 

Section hi. Acrobrya summit, and to germinate). Stem in¬ 

creasing by the apex, the lower part being unchanged, and only con¬ 
vening fluids. 

Cohort 1. Anophyta (»»«, above). No spiral vessels. Both sexes present 
Spores free within spore-cases. 

Cohort 2. Frotophyta. Bundles of vessels more or less perfect No male 
organs. Spores free witliin one- or many-celled spore-cases. 

Cohort 8. Hysterophyta. Both sexes perfect Seeds without an Mnbryo, 
consisting of many spores. Parasitic. 

[05 IV. Amfhibrta around). Stem increasing at the circumfer* 
ance. Vegetation periphericaL 
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SncTion V. Acbamphtbkta («#?«, and Stem ioCTea^ing both 

by apex and circumference. Vegetation periplierico-torminal. 

Cohort t. Gymnosperm» naked, and ir!T£ju«, seed). Ovules naked, 

receiving the fecundating matter directly at the micropyle. 

Cohort 2. Apetalae («, privative or without, and «riTasA«r, a petal). Perigone 
either wanting or rudimentary or simple, calycine or coloured, free <)r 
adherent to the ovary. 

Cohort 3. Gamopetalse union). Perigone double; outer calycine, 

inner corolline; gamoi>ctaloup, rarely wanting by abortion. 

Cohort 4. Dialj'petal® (ptetxCi^ I separate)- Perigone double; outer caly¬ 
cine, parts distinct nr united, fr(jj?! or attached to the ovary; inner cor¬ 
olline, parts distinct or very rarely cohering by means of the base of 
tlie stamens; insertion h}-pogyrious, perig>mous, or epigynous; some¬ 
times abortive. 

Under these sections, Endlicher enumerates 279 natural orders, which 
are grouped under 61 classes. 


731. Division of the Vegetable Kingdom by Lindli-y. 1839. 


Exogens. 


Endogens 

Acrogena 


■ Cyolugens. 

(Cla.H.s I. 

^Wood in circles), 

1 11. 

Wood in wedges, 

III. 

'Spcimogeiis, 

f IV. 

(Bearing seeds), 

t ev. 

,^Bearing spores, 
Distinct Stem, 

VI. 

VII. 

Only a ThuUus. 

VIII. 


Exogens (proper). 

Gymnogens (naked seeds), 

I] omogens. 

Dictyogens (leaves reticulated). 
Endogens (proper). 

Sj^orogens or lihizanths. 
Corinogens. 

Tliallugen.s. 


In the Exogens and Endogens, the following subordinate series of sub¬ 
classes are formed: — 


1. Consolulated. Floral envcloiies are united both -with each other and the stamens, 

and with the ovary. 

2. Separated. Floral envelopes and stamens are imited to each other, but the ovary 

is consolidated and free. 

3. A&erent Petals and sepals adhere to each other and the stamens, and ovary, 

but have their parts disunited. 

4. Disunited. Petals and sepals adhere to each other and the stamens, but have 

their parts disunited, and do not adhere to the consolidated ovary. 

5. Dissolved. Petals and sepals are distinct from the stamens, and also from the 

ovary, whose carpels are disunited, cither wliolly or by the styles. 

In each of these subdivisions, the orders are arranged in two series, 
the on^ Albuminous, the other Exalbuminous. 


732. Lindlet’s Division of the Vegetable Emopou- 1846. 
Asexual oe Flowebless Plants. 


Stem and leaves tmdistinguishable.. Class I. Thallogeos. 

Stem and leaves distmguishahle... 11. Acrogens. 


R 
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Sexual or Flowering Plants. 


Fructification springing from a thallus. HI. Kluzogcns. 

Fructification springing from a stern, 

Wood of stem youngest in tlie centre, cotyledon single. 

Leaves paraileI--\'einod, permanent, wood of stem always 

confused............ IV* Endogens. 

Leaves net-veined, deciduous, wood of stem, when peren¬ 
nial, arranged in a circle with a central pith.. V. Dictyogens. 

Wood of stem youngest at the citcumference, always con¬ 
centric, cotyledons two or more. 

Seeds quite naked. VI. Gymnogens. 

Seeds enclosed in sccd-vesscls. VII. Exogens. 


The following are the subclasses of Endogens and Exogens adopted by 
Lindley :— 

Endogens. 

Subclass 1. Glumaceous.—Floral envelopes imbricated. 

-2. Petaloid.—Floral envelopes verticillate. 

a. Unisexual, often aclilam^ dcous. 

b. Hennophrodite, ovary^ adherent 

c. Hermaphrodite, ovary free. 

Exogens. 

Subclass 3. Diclinous_Flowers uiUNCxual. 

-2. Hypogynous.—Flowers^sualfv hermaphrodite, stamens completely hypo- 

gynous, free from the calyx or corolla. 

--3. Perigynous.—Flow ers usually horinaphrodite, stamens growing to the side 

of either the calyx or cmolla; ovary superior, or nearly so. 

-4. Epigynous.—Flowers uMially iiermapliroditc, stamens growing to the side 

of either tlic calyx or corolla; ovary inferior, or nearly so. 

Under the classes, Lindley enumerates 303 natural orders, which are 
grouped together under 50 alliances. In this system of Lindley, the 
divisions of Asexual and Sexual jdants correspond to Endlicher’s 2 
Eegions; the 7 classes represent Endlicher’s 5 sections; and the 56 
alliances are equivalent to the 61 classes in Endlicher’s system. 

733. This division may be presented thus:— 

Classes. Wood. Leaves. Envelopes. Embryo. 

1. Exogenae..Exogenous..Netted.Quinary.Perfcct...Dicotyledonous. 

2. Gymnosperm® Exogenous..Parallel or forked None.Imperfect.Dicotyledonous. 

3. Endogen®.Endogenou.'! Parallel...Ternary-Perfect...Monocotyledonous. 

4. Dictyogen®....EndogenousNetted.Ternary..Perfect...Monocotylodonous. 

5. Ehizanth®.None.None.Variable.Imperfect.Acotylcdonous V 

6. Acrogen®.Acrogenous..Forked or None ...None.None.Acotylcdonous. 

7. Thallogen®.None.None.None.. ...None..Acotylcdonous. 

I 734. Henslow has given a comparative view of all these systems, 
Pointing out, in a tabular form, the corresponding divisions in each of 
ihem:— 
























Henslow’s approzimata Comparigon of the Systematic Views of Jossien, De Candolle, Endlicher, and Lindley. 
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735. Id the succeeding pages the natural orders will be grouped 
under the following divisions;— 

A. PnANEROOAMOUS, OR VASCULAR FLOWERING PLANTS. 


Class 1. Dicotyledones or Exo^fcniB. 


Dichlamydcfe, 
having calyx 
and corull^ 


{ ■■ ■,.. 4 , MonochIamydea}.».A calyx only,") 

or none.I Apetalieand partly 

a. Angiospermap, seeds in an ovary. [ Diclines of Jussieu. 

b. Gyinnospcrina*, seeds naked. J 

Class II. Monocotyledones or Endogenae. 

Subclasi 1. Dictyogenae.Floral envelopes verticillate, leaves reticulated. 

-- 2. Petaloide® or Florida?, Floral envelopes verticillate, leaves parallel-veined. 

. a. Hermaphrodite, ovary adherent. 

b. Hermaphrodite, ovary free, 

c. Unisexual, often achlaraydeous. 

——- 3. Glumiferie.Floral envelopes imbricated, leaves parallel-veined. 

B. Crtptogamous, or Cellular Flowbrless Plants. 

Class III. Acotyledones or Acrogenae. 


Subcla^ 1. ^theegamae or Cormogence,.Having vascular tissue. 

-- 2. Amphigam®, Thallogen®, or Cellularcs.Entirely cellular. 


1 Subclass 1. Thalamiflora.Petals distinct, •) of Jns- 

I „ n stamens hypog^ous.. ,. / Monopet. 

- 2. Calyciflora).Petals distindtV £pi.co- 

‘ or united, stamens pengynous I 


or epigynoxis 

3. Corolliflorie.Petals united,•> „ 

Corolla lypogynous, usually V eotollse of Jussieu, 
boarmg the stamens .) 


CHAPTER II. 

ARRANGEMENT AND CHARACTERS OF THE CLASSES 
AND NATURAL ORDERS. 

SECTION I.—PHANEROGAMOUS PLANTS. 

Class I.— Dicotyledones ahd Exogen^, Juss. and DC. Acbamphibbta, Dndl 

736. This is the largest class in the vegetable kingdom. The plants 
indnded under it have a cellular and vascular system, the latter con¬ 
sisting partly of elastic spiral vessels (fig. 49). The stem is more or 
less conical, and exhibits wood and true bark. The wood is exogenous, 
i.e. increases by additions at the periphery, the hardest part being 
internal (H 72, &c.) It is arranged in concentric circles. Pith exists 
io the centre, and from it diverge medullary rays. The bark is separ¬ 
able, and increases by additions on the inside. The epidermis is fur- 
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nished with stomata 50). The haves are reticulated (•f 143,), usually 
articulated to the stem. The flowers are formed upon a quinary 
or quaternary type, and have stamens and pistils. The ovules are 
either enclosed in a pericarp, and fertilized by the application of the 
pollen to the stigma, or they are naked and fertilized by the direct 
action of the pollen. The embryo has two or more opposite cotyledons, 
and is exorhizal in germination 629). 

Subclass 1.—THALAMIFLOBiB.* 

737. Calyx and corolla present; petals distinct,t inserted into the 
thalamus or receptacle; stamens hypogynous. This includes the 
hypogynous polypetalous orders of Jussieu, and a diclinous order 
(Menisperraaceai). 

738. Order 1. —Rannncuiacea;, the Crowfoot Family. (Polypetalce 
Hypoyyna.) Sepals 3-6, frequently 5, deciduous 
(fig. 556 c). Pet.als 5-15 (fig. 556--^ e), rarely 
abortive, sometimes anomalous in form, (figs. 284 
p, 285), occasionally with scales at the base (fig. 

555 a). Stamens usually indefinite, hypogynous 
(fig. 556 e) ; anthers adnate (figs. 558, 559) ; car¬ 
pels numerous, l-cellcd (fig. 556 p i), distinct, or 
united into a single many-celled pistil ; ovary contain¬ 
ing one anatropal ovule (figs. 492, 560 g), or several 
united to the inner edge. Fruit various, either dry 




W>1 -ilrO 6j() t'j.'iS 

achsenia (figs. 463, 561), or baccate or follicular (figs. 443, 468). 

♦ Thalamus, receptacle, and/o.«, flower 

t Sometimes the petals are aboi tivc, and It is then difRciilt to determine whether the plant 
hplontfs to tills subclass or to Monociilamydea*. 

Fik 8 Exhibit the organs of fructification of Ranunculus acris, to Illustrate the 

natural older UanunculaccoJ. 

Fig. 556—Plower cut vertically, c. Calyx, pc. Petals c, Stamena pt. Pistil composed o 
several carpels on an elongiited r<>rc])racle or axis. 

Fig. 657 — Diagimn t»f the1!o\M«i, sho>vlug 5 imbricated sepals, 6 petals alternating with the 
sepals, indefinite stanicus in several whorls, multiples of the petals, and numerous carpels or 
achaenia iii the centie. 

Fig. 558.—Adnate anther seen on the outer side. The anther Is in tliis instance extrorsc. In 
Peeonia and some Kanunculaceje it is introrse. 

Fig 66y.—Adnate anther viewed on the inside. 

Fig 6(!0.—Vertical section of the ovRiy, o, showing the ovule, p «, Stigma. 

Fig. 661.—Fi ult iir acli.x-nium cut vertically /, Pericarp, t, Speniioderm or integument of tlie 
Mialiopal seed, p, Perlspenu or albumen, between fleshy and homy. Minute embryo. 
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Seeds albuminous, erect, or pendulous; albumen horny (fig. 561 p ); 
embryo minute (fig. 561 e).—Herbaceous, suffruticose, or rarely 
shrubby plants, having alternate or opposite, simple, much-divided 
leaves, with dilated sheathing petioles (fig. 233). Juice watery. 
Hairs, if present, simple. 

739. The plants of the order are found in cold damp climates, and 
in the elevated regions of warm countries. Europe contains one-fifth 
of the order, and North America about one-seventh. The order is 
divided into five suborders :—1. Clematide®; 2. Anemone® (fig. 247); 
3. Kanuncule® (fig. 233); 4. Hellebore® (fig. 443); 5. Actte®, or 
P^oniffi (fig. 370), according to the estivation of the calyx, the nature 
of the fruit, &c. Henslow gives* the following analysis of these sub¬ 
orders, with the number of British .species in each:— 



Spec. Blit. Antb«#. 

Cari’cb 

Seed. 

.fistiv. 

1 ClcTnatidefc... 

. n ) 

1 raono- 
r sperm. 

« 

volvate. 

2. iSnomoiiPirt .. 

3. llanvmculeip.. 

j-extrorse | 

V pendulous 
^ erect. 

imbricate. 

4. JlcllebDrca^... 

. 9J 

Dolvspei 

m. * 

« 

6. rdeonisc....... 

....... 2 introrse 

» 

« 

* 

Bindley enumerates 41 known 

genera, 

co^ iprising 

1000 species. 


Examples of the (jenera —Clematis, Anemone, llanunculus, Helleborus, 
Delphinium, Aconitiim, Actaea, Paeonia, Podophyllum. 

740. The order has narcotico-acrid pro])orties, and the plants are 
usually more or less poisoTious. The acridity is frequently volatile, 
and disa])pears when the plants are dried or heated. It varies in dif¬ 
ferent parts of the plants, and at dilTerent seasons. Itanunculus (the 
genus whence the oifler is named) contains many acrid species, such 
as E. sceleratus, alpestris, bulbosus, graminevs, amis, and Flammula; 
while others, such as R. repens, aquatilis, Lingua, and Ficaria, are 
bland. The acridity is entirely lost by drying, and it disappears in 
the pericarps'as the seeds, which are themselves bland, ripen. The 
leaves of Aconitum NaptUus, Monkshood, contain a narcotic alkaloid, 
called aconita or aconitina. They are used as an anodyne in neuralgic 
affections, in the form of extract and tincture. The root of Aconitum 
Jerox furnishes the powerful East Indian poison, called Bikh or Nabee. 
The leaves of Clematis recta and Flammula have been used as vesicants. 
The seeds of Delphinium Staphisagria, Stavesacre, are irritant and 
narcotic, and are used for destroying vermin. They owe their activity 
to an alkaloid principle, called dclphinia. The Hellebores have been 
long noted for their irritant qualities. Helleborus officinalis, niger, 
Joetidus, and viridis, act as drastic purgatives; hence the use of some 
of them in ancient times in cases of mania. The rhizome of PodophyF 
lum peltatum, May-apple, is employed in America as a purgative. 
Some of the Eanunculacea; are chiefly marked by bitter tonic pro- 
pertiifc.' This order, in the position, number, and structure of its parts 
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of fructification generally, presents a resemblance to several widely 
dififering families. It differs from Dilleniaceas, in the want of an aril, 
in its deciduous calyx, and in its whole habit; from Magnoliacea;, in 

the want of true stipules; from Papaveraceas and Nymphajaoese, in the 

distinct, not united carpels, watery, not milky juice, and acrid, not 
narcotic properties. It closely approaches the Berberidacese, but 
differs in its stamens not bursting by recurved valves. In its 
numerous carpels, floral divisions, and indefinite stamens, it agiees 
with the Rosacea;, but differs in its stamens being hypogynous instead 
of porigynous, in the large quantity of albumen surrounding the 
minute embryo, in the want of true stipules, and in its acrid pro¬ 
perties. Crowfoots and Umbellifers agree in some particulars; the 
latter, however, have their calyx adherent to the ovary, and their 
stamens always definite. * 

741. Order 2.—iMUcniacete, the Dillenia Family. (Polypet. Ilypog.) 
Sepals 5, persistent. Petals h, deciduous, in a single row. Stamens 
indefinite, hypogynous, either distinct or combined into bundles ; fila¬ 
ments dilated at the base or apex; anthers adnate, introrse, with 
longitudinal dehiscence. Ovaries definite, more or less distinct, with a 
terminal style and .simple stigma; ovules ascending. Fruit of 2-5 cap¬ 
sular or baccate unilocular carpels, which are either di.'tinct or cohe¬ 
rent. Seeds universally arillatc, several in each carpel, or only two, 
or one by abortion; testa (spermoderm) hard; embryo straight, 
minute, at the base of fleshy albumen.—The plants of the order are 
trees, shrubs, or under-shrubs, having alternate, cxstipulate, coria¬ 
ceous, or rough loaves. They are found chiefly in Australasia, Asia, 
and the warm parts of America. The Indian species are remarkable 
for their beauty, the grandeur of their foliage, aiid the magnificence of 
their flowers. They have astringent properties, and some of the 
species afford excellent timber. Bindley enumerates 26 genera, in¬ 
cluding 200 species. Examples —Dillenia, Delima. 

742. Order 3.—macnoiincra;, tlso Magnolia Family. (Polypet. 
Hypmg^ Sepals 2-6, usually'deciduous. Petals 2-30, hypogynous, 
often in several rows. Stamens indefinite, distinct, hypogynous ; an¬ 
thers adnate, long, dehiscing longitudinally. Carpels numerous,!-celled, 
arranged upon a more or less elevated receptacle; ovules anatropal, 
suspended or ascending; styles short. Fruit consisting of numerous 
distinct or partially coherent carpels, which are either dehiscent or 
indehiscent, sometimes samaroid. Seeds, when ripe, often hang sus¬ 
pended from the carpels by a long slender cord ; embryo minute, at 
the base of a fleshy perisperra.—Trees and shrubs, with alternate 
coriaceous leaves, and deciduous convolute stipules. They abound in 
North America, and some species occur in South America, China, 
Japan, New Holland, and New Zealand. The order has been divided 
into two suborders:—1. Winterese; aromatic plants, in which the 
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leaves are dotted, the carpels are in a single verticil, and the wood 
often consists of punctated tissue (fig. 47). 2. Magnoliese; bitter plants 
with fragrant flowers, in which the carpels are arranged in several 
rows on an elevated receptacle (fig. 806), and the leaves are not 
dotted. Lindley mentions 11 known genera, comprising 65 species. 
Examples —Illicium, Drimys, Magnolia, Liriodendron. 

743. The properties of the order are bitter, tonic, and often 
aromatic. Jllicium anisaium, Star-anise, is so called from its carpels 
being arranged in a star-like manner, and having the taste and odour 
of anise. Its fruit is employed as a carminative. Drymis Winteri or 
aromatica, brought by Captain Winter from the straits of Magellan in 
1579, yields Winter’s bark, which has been employed medieinally as 
an aromatic stimulant. It somewhat resembles Canella bark. Magnolias 
are remarkable for their large odoriferous flowers, and their tonic 
aromatic qualities. The bark of Magnolia glauca, Swamp Sassafras or 
Beaver-tree, is used as a substitute for Pei uvian bark. Liriodendron 
Udipiftra, the Tulip-tree, marked by its truncate leaves, has similar 
properties. 

744. Order 4.— Anonneesr, the Custard-a])ple Family. {Polypet. 
Hypog.) Sepals 3-4, persistent, often partially eohering. Petals 6, 
bypogynous, in two ro^vs, coriaceous, with a valvate aestivation. Sta¬ 
mens indefinite (very rarely definite) ; anthers adnate, extrorse, with 
a large 4-cornered connective. Caiqiels usually numerous, separate 
or cohering slightly, rarely definite; ovules anatropal, solitary or several, 

'^erect or ascending. Fruit succulent or dry, the carpels being one or 
many-seeded, and either distinct or united into a fleshy mass; spermo- 
derm brittle; embryo minute, at the base of a ruminated or mottled 
perisperm or albumen, which constitutes an important character of 
the order. Trees or shrubs, with alternate, simple, exstipulate leaves, 
found usually in tropical countries. Lindley enumerates 20 genera, 
including 300 species. Examples —Bocagea, Anona, Uvaria, Guat- 
teria, Xylopia, Diiguctia. 

745. Their properties are generally Aromatic and fragrant. Some 
of the plants are bitter and tonic, others yield edible fruits. The cus¬ 
tard-apples, Sweetsops, and Soursops of the East and West Indies, are 
furnished by various species of Anona, such as A. squamosa, reticulata, 
and muricata. Anona cherimolia furnishes the Cherimoyer, a well- 
known Peruvian fruit. The fruit of Xylopia aromatica is commonly 
called Ethiopian Pepper, from being used as pepper in Africa. Xylopia 
glabra is called Bitter-wood in the West Indies. The Lancewood 
of coachmakers appears to be furnished by a plant belonging to this 
order, called by Schomburgk Dnguetia qvitarensis. 

746. Order 5.— Meuispcrmncew, the Moon-seed Family. {Polypet. 
Ilypog.) Flowers usually unisexual (often dicecious), generally of a 
pM^s^eenish hue. SepMs and petals similar in appearance, in one or 
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several rows, 3 or 4 in each row, hypogjmous, deciduous. Stamens 
monadelphous, or occasionally free; anthers adnate, extrorse. Carpels 
solitary or numerous, distinct or partially coherent, unilocular; ovule 
solitary, curved (fig. 420). Fruit a succulent 1-seeded oblique or lunate 
drupe. Embryo curved or peripherical; radicle superior; albumen 
fleshy, sometimes wanting.—The plants of this order are sarmentaceous 
or twining shrubs, with alternate leaves, and very small flowers. The 
wood is frequently arranged in wedges, and hence the order was at one 
time put under the division called Homogens by Lindley 90 and 
731). The order is common in the tropical parts of Asia and Amer¬ 
ica. There are 23 known genera, including 202 species. Examples — 
Menispermum, Cissampelos, Cocculus, Lardizabala, Schizandra. 

747. The species are bitter and narcotic. Some are employed as 
tonics, others have poisonous properties. The root of Cocculus (Jateo- 
rhiza) palmatus, a plant of east Africa,*is known as Calumba-root, and 
is used as a pure bitter tonic in cases of dyspepsia, in the form of 
infusion or tincture. It contains a bitter crystallizable priucip® called 
Calurabin. Cqpculus indieus is the fruit of Anamirtapamculata. It 
is extremely bitter. The seed contains a crystalline poisonous narcotic 
principle, Picrotoxinj which is its active ingredient; while the peri¬ 
carp yields a poisonous alkaloid called Menispermine. It has been 
used externally in some cutaneous affections. At one time it was em¬ 
ployed, most prejudicially, to give bitterness to porter. Cissampelos 
Pareira, Wild-vine or Vcdvet-leaf, furnishes Pareira-brava-root, 
which is employed as a tonic and diuretic, and has heen recom¬ 
mended in chronic iullammation of the bladder. Cissampelos ovalifolia 
and C. Mauriliana are used as tonics and diuretics. Coscinium (Me- 
nispermum) fenestratum supplies a false Calumba-root, which contains 
much Berberine, the same yellow bitter crystalline substance which 
is found in the Barberry. 

748. Order 6.—BoriwTidaceie, the Barberry Family. (Polypet. 
Ilypog.) Sepals 3-4-G, deciduous, in a double row. Petals hypogy- 
nous, equal in number to the sepals, and opposite to them, or trvice as 
many, often having an appendage at the base on the inside. Stamens 
equal in number to the petals, and opposite to them; anthers adnate, 
bilocular (dithecal), each of the loculi opening by a valve from the 
bottom to the top. Carpel solitary, unilocular, containing 2-12 
anatropal ovules; style sometimes lateral; stigma orbicular. Fruit 
baccate or capsular, indehiscent. Albumen fleshy or horny; embryo 
straight, sometimes large (fig. 494).—Shrubs or herbaceous perennial 
plants with alternate, compound, exstipulate leaves. The true leaves 
are often changed into spines, by non-development of parenchyma 
and induration of the veins (fig. 231 /). Found chiefly in the moun¬ 
tainous parts of the temperate regions of the northern hemisphere. 
The plants of the order have bitter and acid properties. The bark 
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and stem of Berberis vulgaris, common Barberry, are astringent, and 
yield a yellow dye and a crystalline matter called Berberine; the 
fruit contains oxalic acid, and is used as a preserve. Bindley enume¬ 
rates 12 genera, including 100 species. Examples —Berberis, Epi- 
medium, Leontice. 

749 Order 7.— Cabombacc®, the Watershield Family. (Polypet. 
Eypog.) Sepals 3-4. Petals 3-4, alterpate with the sepals. Stamens 
hypogynous, arising from an inconspicuous torus, two or three times 
the number of the petals; anthers linear, introrse, continuous with the 
filament. Carpels 2 or more; stigmas simple; ovules orthotropal. 
Fruit indehiscent, tipped with the indurated styles, containing one 
or two pendulous seeds. Embryo minute, enclosed iu a vitellus (the 
sac of the amnios), and placed at the base of a fleshy perisperm.— 
American aquatic plants, with floating peltate leaves. Some have 
nutritious and slightly astringent properties, and have been used iu 
phthisis and dysentery. Bindley mentions 2 genera, including 3 
species? Examples —Hydropeltis, Cabomba. 

750. Order 8.—tVymphwBc.ic, the Water-lily Family (fig. 562). 
(Polypet. Hypog.) Sepals usn.dly 4, sometimes confounded with the 
petals. Petals numerous, often passing gradually into stamens (fig. 
810, 2). Stamens indefinite, inserted above the petals into the torus 
(fig. 562 c); filaments petaloid; anthers adnate, introrse, opening by 
two longitudinal clefts. Torus large, fleshy, surrounding the ovary 
more or less (fig 562 t). Ovary multilocular, many-seeded, with 
radiating stigmas (fig. 562 s); numerous anatropal ovules. Fruit 
many-celled, indehiscent. Seeds very numerous, attached to spongy 
dissepiments; albumen farinaceous; embryo small, enclosed in a fleshy 
vitellus, and situated at the base of the perisperm (fig. 480).—Aquatic 
plants, with peltate or cordate fleshy leaves, and a rootstock or stem 



which extends itself into the mud at 
the bottom of the water. Bindley 
enumerates 5 genera, comprehend¬ 
ing 50 species. Examples —Nym- 
phaa, Nuphar, Victoria, Euryale. 

751. The plants of this order are 
found throughout the northern hemi¬ 
sphere, and are generally rare in 
the southern hemisphere. Bittle is 
known in regard to their proper¬ 
ties. Some of them are astringent 
and bitter, while others are said 
to be sedative. They have showy 
flowers, and their petioles and 


Fig. W2.—Section of a flower of Nymphrea alba, white Water-lily, showinff the pistils and the 
receptacle or torus hearing the HtfiTm-n.s and petals p, Peduncle or flower-stalk. (, Elevated 
toms or receptacle, s, Itadiating stlgnms a, Sepal 6, Petal, c, Stamens. 
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peduncles contain numerous air-tubes. Vicioria regia is one of the 
largest known aquatics. It is found in the waters of South America, 
and is said to range over 35 degrees of longitude. The flowers have 
a fine odour. When expanded they are a foot in diameter. The 
leaves are from four to six and a-half feet in diameter. The seeds and 
rootstocks of many plants of this order contain much starch, and are 
used for food. It has been said that the rhizomes of Nymphcea alba 
are better than Oak-galls for dyeing gray; they have been long em¬ 
ployed advantageously ftr tanning leather. The stems of Nvphur 
luteiini are reported to be astringent. 

752. Order 9. —iVeiumbiacrte, the Water-bean Family. (^Polypet. 
Hypog.') Sepals 4-5. Petals numerous, in many rows. Stamens in¬ 
definite, in several rows; filaments petaloid; anthers adnate, introrse, 
opening by a double longitudinal cleft. Torus large, fleshy, elevated, 
enclosing in hollows of its surface numerous carpels. Nuts numerous, 
inserted, but loose, into the depressions of the torus. Seetk 1-2 ; 
perisperm none; embryo enclosed in a vitellus, large, with two fleshy 
cotyledons.—Aquatic herbs, with showy .flowers, peltate floating leaves, 
and prostrate rootstocks, found in the temperate and tropical regions 
of the old and new world. Lindley enumerates 1 genus, including 3 
species. Example —Nelumbium. 

753. The flower of Nelumhmm speciosum is supposed to be the Lotus 
figured on Egyptian and Indian monuments, and the fruit is said to be 
the Pythagorean Bean. The plant is said to have dissappeared from 
the Nile, where it used to abound. The petioles and peduncles contain 
numerous spiral vessels, which have been used for wicks of candles. 
Dr. Wight states that those wicks on great and solemn occasions are 
burnt in the lamps of the Hindoos placed before the shrines of their 
gods. 

754. Order 10.— Sarraceniaccat, the Sidesaddle-flower Family. 
{Polypet. Hypog.) Sepals 5, persistent, imbricated in aestivation, 
often with coherent bracts outside. Petals 5, hypogynous, concave; 
occasionally the corolla is absent, and the calyx consists of 4-6 
segments. Stamens 00; anthers adnate, dithecal, introrse, with longi¬ 
tudinal dehiscence. Ovary free, tri-quinquelocular; style single; 
stigma persistent, either a truncated point, or large and peltate with 
5 angles; ovules anatropal. Capsule 3-5-celled, with loculicidal 
dehiscence. Seeds very numerous, small, attached to large placentas 
which project from the axis into the cavity of the cells; albumen 
copious; embryo cylindrical, lying at the base of the seed, radicle 
|iointing to the hilum.—Herbaceous plants, found in boggy places, 
having radical leaves, the petioles of which are folded, and cohere so 
as to form ascidia or hollow tubes, which being lined by hairs of a 
singular nature, appear to act as secreting orgaiiS (fig. 187). Scapes 
one or more flowered. The plants are found in North America and 
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Guiana. Their properties are not known. There are 3 genera, in¬ 
cluding 8 species. Examples —Sarracenia, Heliamphora, Darlingtonia. 

755. Order 11.—Papaverace*, the Poppy Family. (Polypet. 
Hypog.) Sepals 2, deciduous. Petals hypogynous, usually 4, cruciate, 
sometimes a multiple of 4, regular, rarely wanting. Stamens hypo¬ 
gynous, usually 00, sometimes a multiple of 4 ; anthers dithecal, in¬ 
nate. Ovary solitary, style short or none ; stigmas 2, or many and 
radiating (fig. 409); ovules 00, anatropal (fig. 421). Fruit unilocu¬ 
lar, either siliquaeform with two, or capsttftir with several parietal 
placentas. Seeds numerous; albumen between fleshy and oily; 
embryo minute, at the base of the albumen, with plano-convex coty¬ 
ledons.—-Herbs or shrubs, usually with milky or coloured juice, 
having alternate exstipulate leaves, and long one-flowered peduncles. 
The plants belonging to this order are chiefly European. The species, 
however, are found scattered over tropical America, Asia, China, New 
Holland, Cape of Good Hope, &c. Lindley mentions 18 known 
genera, and 130 species. Examples —Papaver, Meconopsis, Esch- 
scholtzia, Glaucium, Chelidoniura. 

756. The order possesses well-marked narcotic properties. Opium 
is the concrete milky juice procured from the unripe capsules of 
Papaver somniferum, and its varieties. The plant is a native of Western 
Asia, and probably also of the south of Europe; but it has been dis¬ 
tributed over various countries. There are five kinds of opium known, 
viz. Turkey, Egyptian, East Indian, European, and Persian ; of which 
the first is the kind chiefly used in Britain. The most important 
active principle in opium is the alkaloid called morphia. There are 
other crystalline principles found in it, such as codeia and narcotine; 
and an acid called meconic acid, which constitutes with sulphuric ^cid 
the solvent of the active principles. According to various circum¬ 
stances, opium thay act as a stimulant, a narcotic, anodyne, or diapho¬ 
retic. The seeds of the Opium Poppy yield a bland, wholesome oil. 
Chelidonium majus, Celandine, yields an orange-coloured juice, which 
is said to have acrid properties. In this plant, observations were made 
by Schultz on Cyclosis (f 261, and fig. 223). Eschscholtzia is remark¬ 
able for the dilated apex of the peduncle, from which the calyx 
separates in the form of a calyptra, resembling an extinguisher of a 
candle. Banguinaria canadensis, Blood-root,, or Puceoon, has emetic 
and purgative properties. 

757. Order 12.—Wumarincew, the Fumitory Family. (Polypet 
Pypog.) Sepals 2, deciduous. Petals 4, cruciate; one or both of th^ 
two outer gibbous at the base, the two inner cohering at the apex. 
Stamens hypogynous, usually 6, diadelphous; anther of middle stamen 
of each parcel bilocular, outer ones unilocular. Ovary free, 1-celled; 
style filiform; stigma with 2 or more points; ovules amphitropal. 
Fruit either an achaenium, or a 1-celled 2-seedcd, or 2-valved manv- 
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seeded pod. • Seeds crested; albumen fleshy; embryo minute, ex- 
centric—Herbaceous plants, with a watery juice, and alternate 
multifid leaves. Although at first sight very unlike the Poppy family, 
the Fumitories resemble this order in their deciduous sepals, in their 
feeds, and, in many cases, in their fruit. The two outer unilocular 
stamens of each parcel may be considered as forming one perfect 
stamen, thus making the whole number four. They are found chiefly 
in northern temperate latitudes. Two are found at the Cape of Good 
Hope. They are usually scentless, and are said to be bitter and dia¬ 
phoretic in their properties. The tuber of Cori/dalis bulbosa has been 
used as a substitute for Birthworts in expelling intestinal worms, and as 
an emmenagogue. Bindley notices 15 genera, including 110 species. 
Examples —Fumaria, Corydalis, Diclytra. 

758. Order 13.— Cmciferw, the Cruciferous or Cresswort Family. 
Brassicacero of Bindley. (Polypet. Hypoy.) Sepals 4, deciduous, the 
two lateral ones gibbous at the base. Petals 4, hypogynous, alternat¬ 
ing with the sepals, deciduous, cruciate (fig. 291). Stamens 6, tetra- 
dynamous (figs. 345, 565), two shorter solitary (fig. 565 e'), opposite 
the lateral sepals, occasionally toothed; four longer (fig. 565 e"), 
opposite the anterior and posterior sepals, generally free, sometimes 
partially united and furnished with a tooth on the inside; anthers 
bilocular, introrse (fig. 564). Torus with green glands between the 
petals and stamens and ovary (fig. 565 g). Ovary superior, with 
parietal placentas, which meet in the middle, forming a spurious dis¬ 
sepiment or replum (fig. 5GG c); stigmas 2, opposite the placentas, or 
anterior and posterior (fig. 456 s). Fruit a siliqua (figs. 567, 568), 
or a silicula, rarely 1-celled and indehiscent, usually spuriously 



Figs. 663-670 —Organs of flmctlflcatlon of Eryslmtim lanceolaturn, one of the Cruciferse. 

Fig. 663 —Diagram of the flower, showing the an'angement of four sepals, four petals alter¬ 
nating with them, six tetradynamous stamens, and a siliqua with replum. 

Fig. 664.—Vertical section of the flower, c, Calyx, p. Petals, e, Stamens, o, Ovary laid 
open. 8, Stigma 

Fig 5e6.-Flower deprived of its envelopes, c c, Cicahlces left by the fall of the sepals 
p, Glands which are situated at the base of the stamens, c'. Two short stamens opposite lateral 
B^als tf\ Four long stamens opposite anterior and posterior sepals, p-, Pistil. 

Fig 666.-Horizontal section of the o^’ary. g, Ovules, e. Spurious dissepiment or replum* 
which divides the ovary into two cavltioa This'replum is formed by the placentas. 
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2-celled and dehiscing by two valves, which separate ^rom the re¬ 
plum (figs. 456, 568), one or many-seeded. Seeds Campylotropous 
^09 (figs. 419, 524), pendulous, attached in a single 



i ' row by a funiculus to each side of the placentas 
L (fig. 568); perisperm none; embryo with the 
1 radicle folded upon the cotyledons which are 
I next the placenta (figs. 524, 569 r).—Herba- 
I ceous plants seldom undershrubs, with alter- 
I nate leaves, and yellow or white, rarely purple, 
I flowers, without bracts. This order is well dis- 
j tiiiguished by having tetradynamous stamens, 
ll Most of the plants belonging to the order are 
J European. The species, however, are found 
f scattered all over the world. De Candolle, 
I in 1821, calculated that the species then known 


570 608 667 were distributed as follows:— 


In the frigid zone of tlie northern hemisphere. 
In all the tropics (chiefly mountainous parta) 


In the temperate zone, ^ 


of notthi-ru hemisphere_ 

of southern hemisphere.... 


..548 1 

. 80 f 


.205 
. 30 

,634 


Lindley enumerates 170 genera, including 1600 species. Examples — 
Draba, Lepidium, Isatis, Erassica, Sinapis, Bunias, Senebiera, Schizo- 
petalon. 

759. The order has been subdivided into sections, according to the 

mode in which the radicle of the embryo is folded on the cotyledons, 
as well as according to the nature of the fruit. The suborders founded 
on the embryo are—1. Pleurorhizoce (:r?i£Vf«, side, and root), 
0 = cotyledons accumbent, radicle lateral, i.e. applied to their edge 
(fig. 517). 2. Notorhizeoe {putov, back), 0 || cotyledons incumbent, 

radicle dorsal, i.e. applied to their back (fig. 518). 3. Orthoploceae 

straight, and a plait or fold), 077 cotyledons condupli- 

cate (folded), radicle dorsal (figs. 513, 570). 4. Spirolobeac (owe/j*, a 

coil, and t^oiSos, a lobe), 0 j| || cotyledons twice folded, radicle dorsal 
(fig. 515). 6. Diplecolobe® (ole, twice, I fold or plait, and 

>ioi8oV, a lobe), 0 || || |) cotyledons three times folded, radicle dorsal. 

760. The divisions founded on the seed-vessel, are—1. Siliquosse, 
a Eiliqua, linear or linear-lanceolate, valves opening longitudinally. 2. 
Latiseptse (latus, broad, and septum, partition), a silicula, partition in 
its broadest diameter, oval or oblong, valves flat or convex, opening 
longitudinally. 3 Angnstiseptae (angvstus, narrow), a silicula, parti- 


Fig. SlUqna or long pod. 

Fig. d68.<~8i]iqua with one of its valves removed, In order to show the seeds attached to the 
re^m. 

as. 869.-“Vertical section of the seed. /, Fnnicnlus or umbilical cord. . i, Spermoderm or 
to^MwoIlen at the cbalaza, c. r, Badicle. c, Cotyiedona 
iK. 67(X>»HorlzoQtal section of tlte seed, t, Spermoderm or testa, r, Radicle, c, Incumbent 
co^edoiu. 
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tion in its narrow diameter, linear or lanceolate, valves opening longi¬ 
tudinally, folded and keeled. 4. Nucumentaceae (mtcumentum, a nut), 
silidula, valves indistinct or indehiscent, often 1-celled, from the 
absence of the replura or partition. 5. Septulatae (septa, partitions), 
valves opening longitudinally, furnished with transverse partitions in 
their interior. 6. Lomentace® (lomenium, an articulate legume), sili- 
qua or silicula, dividing transversely into single-seeded cells, the true 
siliqua being often barren and all the seeds placed in the beak. 

761. In this order there is a want of symmetry as regards the 
number of stamens, compared with the floral envelopes. ‘ The two long 
stamens placed close together may, however, be looked upon as one 
divided by a process of deduplication, so that the actual number will 
thus be reduced to four. This view is confirmed by the shorter stamens 
having teeth on each side, while the longer ones are toothed on one 
side only. By pelorization, too, some Crucifer® become tetrandrous. 
While there is a splitting of the filaments, there is also the production 
of two additional anther-lobes. In regard to the fruit it has been 
stated, that normally there are four carpidia or carpels, two of which 
are constantly abortive. In some species of Iberis there have been 
seen four sepals, four petals, four stamens, and four carpels. Thus the 
floral type of Crucifer® is quaternary : caly.x having four sepals, corolla 
four petals, receptacle four staminiferous glands, andrmcium four sta¬ 
mens, gynmeium four phyllidia, fruit four carpidia. 

762. There are no truly poisonous plants in the order. In general, 
it possesses antiscorbutic and stimulant qualities, with a certain degree 
of acridity. JIany of the most common culinary vegetables belong to 
the order, such as Cabbages, Cauliflower, Turnip, Eadish, Cress, Horse¬ 
radish, &c. They contain much sulphur and nitrogen, and, on this 
account, when decaying, give off a disagreeable odour. Many garden 
flowers, such as Wall-flower, Stock, Kocket, and Honesty, are found 
in this order. Brassica oleracea is the original species whence all the 
varieties of Cabbage, Cauliflower, Brocoli and Savoys have been obtained 
by the art of the gardener. The part of the Cauliflower used as food 
is the deformed flower stalks. Brasstcaliapa is the common Turnip, 
while Brassica campeslris is the source of the Swedish Turnip. Brassica 
chinensis yields Shanghae oil. Lepidivm sativum is the common Cress, 
and Raphanus sativus the Radish. Cramhe maritima is the Sea-kale. 
The seeds of Sinapis nigra (Brassica nigra of some), furnish taWe 
mustard. These contain a bland fixed oU, a peculiar bitter principle, 
myronic acid, and another principle analogous to albumen or emulsin, 
caJled myrosine. When water is added, the myronic acid and myro- 
sine, by their combination, form a pungent volatile oil, containing 
sulphur and nitrogen, which gives to mustard its peculiar properties 
as a physiological agent. Sinapis alba furnishes white mustard, which 
contains more fixed oil than black mustard. It does not, however, 
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contain myronio acid, but an analogous principle called sinapin, or 
ainapisin, which, by combination with another principle, forms an acrid 
compound, but not a volatile oil. The mustard of Scripture is not a 
species of Sinapis, but Salmdora persica, according to Koyle, be¬ 
longing to the natural order Chenopodiacem. Many other Cruciferous 
• plants yield volatile oils containing sulphur, and the seeds of many 
3 rield by expression a bland fixed oil, such as Eape-seed oil. Cocfdcaria 
officinalis, common Scurvy-grass, is used as a stimulant. Cochlearia 
A'rmoracia, or Armoracia rusticana, the Horse-Radish, has irritant and 
even vesicant qualities. Anaslatica hierochuntim, Rose of Jericho, is 
remarkable for the hygrometric property of the old withered annual 
stems, which are rolled up like a ball in dry weather, and drifted about 
by the winds in the deserts of Syria and Egypt. If rain falls, they 
resume their original direction. They thus continue for many years 
to curl up and expand, according to the state of the atmosphere. The 
genus Schkopetalon is remarkable on account of its tetracotyledonous 
(having four cotyledons) embryo. Isatis tinctoria, Woad, when treated 
like Indigo, yields a blue dye. Isatis indtgotica is the Tein-Ching, or 
Chinese Indigo. 

763. Order 14.—rapparidacm, the Caper Family. {Polypet. Hypog.) 
Sepals 4, often more or less cohering (fig. 554 c). Petals 4, some- 
liines 0, cruciate (fig. 554, p), usually unguiculate and unequal. Sta¬ 
mens hypogynous, 4, 6 (fig. 554 e), or 00, but in general some high 
multiple of four, placed on an elongated hemispherical and often 
glandular torus (fig. 554 a g'). Ovary usually stalked (fig. 554 o); 
styles filiform, sometimes 0; ovules curved. Fruit unilocular, siliquee- 
form and dehiscent, or fleshy and indehiscent, rarely monospermous, 
usually with two polyspermous placentas. Seeds generally reniform and 
exalbuminous; embryo curved; cotyledons foliaceous, flattish.—Herbs, 
shrubs, sometimes trees, with alternate, stalked, undivided, or palmate 
leaves, which are either exstipulate or have spines at their base. 
Oapparids may be distinguished from Crucifers by their stamens being 
often indefinite, or, if definite, scarcely ever tetradynamous, while their 
seeds are generally reniform. They are found chiefly in warm countries, 
and are abundant in Africa. There are 28 genera, and 340 species. 
The order is divided into two suborders;—1. Cleomeae, with capsular 
fimit. 2. Cappareee, with baccate fruit. Examples —Cleome, Capparis. 

764. The plants of this order have stimulant qualities. Tlie flower- 
buds of Cajc^ris spinosa furnish capers. The plant is a native of the 
south of Europe. It, or C. agyptiaca, is the Hyssop (2iTK) of 
Scripture. Some species of Cleome and Polanisia are very pungent, 
and are used as substitutes for mustard. The pungency of some is so 
great ~tto Ifcy act as blisters. The root of Cleome dodmmdra is used 
as tm i^flielhintic. 

76$. Order 15.—Be»edaeeiB( the Mignonette Family. {Polypet. 
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Hypog.) Calyx many-parted. Petals 4-6, unequal, entire, or lacerated, 
in the latter case consbting of a broad scale-like claw with a much- 
divided limb. Stamens 10-24, hypogynous, attached to a glandular 
torus; filaments variously umted; anthers bilocular, innate, with 
longitudinal dehiscence. Ovary sessile, S-Iobed, 1-celled, multiovular, 
with 3-C parietal placentas; stigmas 3. Fruit either a unilocular 
many-seeded capsule, opening at the apex so as to render the seed^ 
seminude (fig. 479), or 3-G few-seeded follicles. Seeds reniform, 
usually exalbuminous; embryo curved; radicle superior; cotyledons 
fleshy.—Herbaceous plants, rarely shrubs, with alternate, entire, or 
divided leaves, having gland-like stipules. They inhabit chiefly Europe 
and the adjoining parts of Asia. A few are found in the north of 
India and south of Africa. The uses of the order are unimportant. 
Reseda Luteola^ Weld, yields a yellow dye. Reseda odorata is the 
fragrant Mignonette. The Mignonette is rendered sufiruticose, by 
preventing the development of its blossoms. This is the origin of the 
tree Mignonette, which is much cultivated in France. There are 6 
known 'genera, and 41 species, according to Lindley. Example 
—Reseda. 

766. Order 16.—Fiacourtiacew, the Amotto Family. {Polypet. Hy- 
pog.) Sepals 4-7, slightly cohering. Petals equal to and alternating 
with the sepals, or wanting. Stamens hypogynous, equal in number 
to the petals, or some multiple of them. Ovary roundish, sessile, or 
slightly stalked ; style either none or filiform; stigmas several, more 
or less distinct; ovules attached to parietal placentas, which some¬ 
times branch all over the inner surface of the valves. Fruit 1-celled, 
containing a thin pulp, either fleshy and indehiscent, or capsular with 
4 or 6 valves. Seeds numerous, enveloped in a covering formed by 
the withered pulp; albumen fleshy, somewhat oily; embryo axile, 
straight; radicle turned towards the hilum; cotyledons flat, foliaceous. 
—Shrubs or small trees, with alternate, simple, usually exstipulate 
leaves, which are often dotted. The plants are chiefly natives of the 
warmest parts of tlie East and West Indies, and of Africa. The order 
is divided into two sections:—1. Flacourtiem, having the placentas 
ramifying over the inner surface of the fruit. 2. Bixe», placentas 
narrow, and running in lines along the parietes. Many of the plants 
yield edible fruits. The pulp is often sweet and wholesome. Some 
are astringent, others purgative. The reddish pulp surrounding the 
seeds of Bvca Orellana supplies the substance called arnotto, which is 
used for yielding a red colour, and for staining cheese. Martius says 
that the seeds are cordial, astringent and febrifugal. There are 31 
genera, and 85 species, according to Lindley. Examples —Patrisia, 
Flacourtia, Prockia, Erythrospermum, Bixa. 

767. Order 17.—Ci»:acc«B, the Rock-Rose Family. (Pol^et.Hypog.) 
Sepals usually 6, persistent, unequal, the three inner with contorted 
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sestivation. Petals 5, caducous, hypogynous, aestivation corrugated, 
and twisted in an opposite direction to that of the sepals. Stamens 
usually 00, free, hypogynous; anthers 2-celled, adnate. Ovary syn- 
carpous, 1-or many-celled; style single; stigma simple. Fruit cap¬ 
sular, 3 - 0 - 1 0-valved, either 1-celled or imperfectly 5-10-celIed, with 
loculicidal dehiscence. Seeds usually indefinite; embryo inverted, 
either spiral or curved, in the midst of mealy albumen; radicle remote 
from the hilum.—Shrubs or herbaceous plants with entire, opposite, 
or alternate, stipulate or exstipulate leaves. They inhabit chiefly the 
southern regions of Europe, and the north of Africa. Some of the 
species are remarkable for the irritability of their stamens 665). 
Many of them yiel3 a resinous balsamic juice, which imparts viscidity 
to the branches. The resinous matter called ladanum or labdanum, 
is yielded by Ci‘:tus creticnf!. There are 7 known genera, and 185 
species, according to Lindley. Examples —Cistus, Helianthemum, 
Lechea. 

768. Order 18.— Tioi»ce», the Violet Family. {Polypet. Hypog.) 
Sepals 5, jsersistent usually elongated at the base, estivation imbri¬ 
cated. Petals 5, hypogynous, equal or unequal, generally withering, 
aestivation obliquely convolute. Stamens 5, alternate with the petals, 
sometimes opposite to them, inserted on a hypogynous torus; anthers 
dithecal, introrse, often cohering, with a prolonged connective some¬ 
times spurred (fig. 343) ; filaments dilated, two of them in the irre¬ 
gular flowers having an appendage at their base. Ovary unilocular, 
with many (rarely one) anatropal ovules; style single, usually declin- 
ate, with an oblique hooded stigma (fig. 390, 1 s). Fruit a 3-valved 
capsule, dehiscence loculicidal, placentas on the middle of the valves 
(fig. 390). Seeds 00 or definite; embryo straight, erect, in the axis of 
a fleshy perisperm.—Herbs or shrubs, with alternate, rarely opposite, 
leaves, having persistent stipules, and an involute vernation. They 
are natives of Europe, Asia, and America. The herbaceous species 
inhabit chiefly the temperate parts of the northern hemisphere, while 
the shrubby species are found in South America and India. They 
have been divided into two suborders:—1. Violeae, with irregular 
flowers. 2. Alsodem, vvith regular flowers. Their distinctive pecu¬ 
liarity may be regauled as resting in their definite stamens, whose an¬ 
thers turn inwards, and extend their connective into a crest. There 
are 14 known genera, and 315 species. Examples —Viola, lonidium, 
Alsodeia. 

769. They are distinguished by the emetic properties of their roots, 
which contain an active principle called violine, similar in its qualities 
to emetin. Some species of lonidium are used in South America as 
substitutes for Ipecacuan. The roots of Viola odorata, the Sweet or 
March Violet, the "ot of the Greeks, have been used medicinally as an 
emetic; th|^etals are laxative, and are used in the form of infu- 
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sion mixed with sugar; and a violet or purple colouring matter is 
procured from them, which is employed as a test for acids and 
alkalies, being changed into red by the former, and into green by the 
latter. Viola tricolor, Heart’s-ease, and other species, have been used 
as demulcent expectorants. V- tricolor is the origin of all the culti¬ 
vated varieties of pansy. 

770. Order 19.—nroaeraccn, the Sundew Family. (Polypet. 
Hypog). Sepals 5, persistent, equal, aestivation imbricated. Petals ’ 
5, hypogynoas. Stamens free, withering, alternate with the petals, or 

10 or more; anthers bilocular, with longitudinal dehiscence. Ovary 
single; styles usually 3-5, sometimes 1 or wanting. Fruit, a uni¬ 
locular or spuriously trilocular capsule, 3-5-valved, with loculicidal 
dehiscence, occasionally indehiscent. Seeds numerous, either al¬ 
buminous or exalbuminous; embryo minute and erect.—Herbaceous 
plants with alternate leaves, usually inhabiting marshy places. They 
are found in various parts of the world, in Europe, North and South 
America, China, East Indies, &c. The order has been divided into 
two sections:—1. Droserc®, styles 3-5, albumen present, leaves with 
a circinate vernation, and furnished with glandular hairs ; stipules in 
the form of fringes. 2. Parnassiem, some of the stamens sterile; 
style 1 or none; no albumen nor glandular hairs. There are 8 
known genera, and upwards of 90 species. Examples —Drosera, 
Aldrovanda, Dionaea, Parnassia. 

771. The Droseras have a more or less acid taste, combined with 
slight acridity. Some of them are said to be poisonous to cattle. 
Their leaves are furnished with glandular capitate hairs, which are 
covered with drops of fluid in sunshine ; hence the name Sundew or 
Bos soils. An Italian liqueur, called Rossoli, derives its name from a 
Drosera used in its manufacture. Some of the Droseras have dyeing 
properties. iStotuea muscipula, Venus’s fly-trap, is a North American 
plant, having the lamina; of the leaves in two halves, each furnished 
with three irritable hairs, which, on being touched, cause the folding 
of the divisions in an upward direction (fig. 18C, 1l 064). Aldrovan- 
dra vesiculosa, an aquatic found in the South of Europe, is dis¬ 
tinguished by its whorled cellular leaves, or floating bladders. Par¬ 
nassia palustris, Grass of Parnassus, has remarkable gland-like bodies 
between the stamens (fig. 304). These aie probably an abortive 
state of the staminal organs. Lindley looks upon them as bundles of 
stamens, and places the genus among Hypericaceae. The stamens of 
Parnassia are irritable, and move towards the pistil in succession 
(f 665). 

772. Order 20.—Poirgaiacen, the Milkwort Family. (Polypet. 
Hypog.) Sepals 5, very irregular, distinct; 3 exterior, of which 1 is 
superior, and 2 inferior; 2 interior, usually petaloid, lateral; aesti¬ 
vation imbricated. Petals hypogynous, unequal, usually 3, of which 



880 


TEEMANDRACEiB—TAMAEICACE^. 


1 is anterior, and larger than the rest, and 2 are alternate with the 
■upper and lateral sepals; sometimes there are 5 petals, 2 of them 
very minute; the anterior petal, called the keel, is often crested. 
Stamens hypogynous, 8, monadelphous or diadelphous; anthers cla- 
vate, usually 1-celled, and having porous dehiscence. Ovary mostly 
bilocular; ovules solitary, rarely 2; style simple, curved; stigma 
simple. Fruit dehiscing in a loculicidal manner, or indehiscent. 
Seeds pendulous,, anatropal, strophiolate at the liilum; albumen 
fleshy; embryo straight.—Shrubs or herbs with alternate or opposite 
exstipulate leaves. They are found in all quarters of the globe. 
Lindley mentions 19 genera, including 495 species. Examples — 
Polygala, Securidaca, Krameria. 

773. In the appearance of their flowers, the plants of this order 
have a resemblance to Papilionaccre. They are distinguished, how¬ 
ever, by the odd petal being inferior, and the sepal superior. They 
are generally bitter, and their roots yield a milky juice. Polygala 
Senega, Snake-root, is a North American species, the root of which is 
used medicinally, in large doses, as emetic and cathartic; and in 
small doses as a stimulant, sudorific, expectorant, and sialagogue. 
It contains an acrid principle, called polygalin, senegin, and polygalic 
acid. The name of Snake-root was given from its supposed use as an 
antidote to the bite of the rattle-snake. Krameria triandra, a Per¬ 
uvian plant, furnishes Rhatany-root, which is employed as a powerful 
and pure astringent in cases of haimorrhage, and chronic mucous 
discharges. Its infusion is of a blood-red colour, and has been em¬ 
ployed to adulterate port wine. 

774. Order 21.—Tremomiracca, the Porewort family. {Polypet. 
Hypog.) Sepals 4-5, slightly coherent, deciduous, with a valvate 
aestivation. Petals 4-5, deciduous, with an involute aestivation. 
Stamens hypog 3 mous, distinct, 8-10, 2 before each petal; anther di- 
or tetra-thecal, with porous dehiscence (fig. 324). Ovary bilocular, 
with 1-3 pendulous ovules in each cell; style, 1; stigmas 1-2. Fruit 
a 2-celled, 2-valved capsule, with loculicidal dehiscence. Seeds ana¬ 
tropal, pendulous, with a caruncula at the apex; embryo cylindrical, 
straight, in the axis of fleshy albumen.—Heath-like shrubs, with 
hairs usually glandular, alternate or verticillate exstipulate leaves, 
and solitary axillary 1 -flowered pedicels. They are natives of New 
Holland. Nothing is known regarding their properties. Lindley 
mentions 8 genera, including 16 species. Examples —Tetratheca, 
Tremandra. 

775. Order 22.—Tamnricacese, the Tamarisk Family. {Polypet. 
llypog.) Calyx 4-5 partite, persistent, with imbricated sestivation. 
Petals 4-5, hypogynous, or perhaps inserted at the base of the calyx, 
marcescent, with imbricated estivation. Stamens hypogynous, free or 
moi^elphous (fig. 311), equal to the petals in number, or twice as 
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many; anthers dithecal, mtrorse, with longitudinal dehiscence. Ovary 
unilocular; styles, 3. Fruit a 3-valved, 1-celled capsule, with loouli- 
cidal dehiscence. Seeds numerous, anatropal, erect or ascending, 
comose; albumen 0; embryo straight, with the radicle next the hilum. 
—Shrubs or herbs, with alternate scale-like leaves, and racemose or 
spiked flowers. They abound in the Mediterranean region, and are 
confined chiefly to the eastern half of the northern hemisphere. Many 
are found in the vicinity of the sea. They have a bitter astringent 
bark, and some of them yield a quantity of sulphate of soda when 
burned. The saccharine substance called Mount Sinai Manna, is 
yielded by Tamarix nmnmfera. Lindley mentions 3 genera, com¬ 
prising 43 known species. Examples —Tamarix, Myricaria. 

776. Order 23.—FranUcniocca!, the Frankenia Family. (Polypet. 
Hypog.) Sepals 4-5, cohering into a tube, persistent. Petals 4-5, 
alternate with the sepals, hypogynous. Stamens hypogynous, equal in 
number to the petals, and alternate with them, sometimes more numer¬ 
ous ; anthers bilocular, with longitudinal dehiscence. Ovary unilocu¬ 
lar, with parietal placentas; style filiform, often trifid. Fruit a 1-celled, 
usually 3-valved capsule, with septicidal dehiscence. This latter dis¬ 
tinguishes them from the Violet-worts to which they are allied. Seeds 
very minute, numerous, anatropal; embryo straight, in the axis of 
fleshy albumen.—Herbs or undershrubs, with opposite exstipulate 
leaves. They are found chiefly in the southern parts of Europe, and 
in the north of Africa. Two species are natives of the Cape of Good 
Hope, one of South America, four of New Holland, and three of 
temperate Asia. None have been found in tropical India, or North 
America. They are said to have mucilaginous and slightly aromatic 
properties. Genera, 4 ; species, 24. Example —Frankenia. 

777. Order 24.—Eiatinacca', the Water-pepper Family. (Polypet. 
Hypog.) Sepals 3-5, free, or slightly coherent at the base. Petals 
alternate with the sepals, hypogynous. Stamens hypogynous, equal 
to, or twice as many as, the petals. Ovary tri-quinquelocular; styles 
3-5; stigmas, capitate. Fruit capsular, 3-5-celled, 3-5-valved, loculi- 
cidal; placenta central. Seeds 00, exalbuminous, anatropal; embryo 
cylindrical and shghtly curved.—Annual marsh plants, with hollow 
creeping stems, and opposite stipulate leaves. They are found in all 
parts of the globe. Some of them have acridity, and lienee the name 
Water-pepper. Genera 6, and species 22, according to Lindley. 
The Elatines are natives of Europe and Asia, Bergias of the Cape of 
Good Hope and the East Indies, Merimea of South America, and 
Tetradiclis of the Syrian region. Examples —Elatine, Bergia, 
Merimea, Tetradiclis. 

778. Order 25—Carrophjiiacea, the Chickweed Family. (Polypet. 
Hypog.) Sepals 4-5 (fig. 571), free (fig. 269), or united in a tube 
(figs. 290 c, 553 c), persistent. Petals 4-5 (fig. 571), hypogynous. 
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nnguioulate (fig. 2S1), often bifid or bipartite (fig. 283), occasionally 
0. Stamens (fig. 572 e) usually double the number of the petals, or, 
if equal, usually alternate with them; filaments subulate, sometimes 
united; anthers innate, bilocular, dehiscence longitudinal. Ovary 



single, often stalked or supported on a gynopliure (fig 553 g), composed 
of 2 to 5 carpels, which are usually united by their edges, but some¬ 
times the edges are turned inwards, so as to form partial dissepiments: 
Stigmas 2-5 (fig. 391 s), with papillae on their inner surface (fig. 572 s). 
Capsule unilocular (figs. 391, 574, 2), or imperfectly bi-quinquelocular 
(fig. 573), 2-5 valved, opening either by valves, or more commonly 
by twice as many teeth as stigmas (figs. 444, 574); placenta in the 
axis of the fruit (figs. 391, 574, 2, p). Seeds usually 00, amphitropal 
with mealy albumen, and a peripherical embryo (fig. 575).—Herbs, 
sometimes suffruticose plants, with opposite, entire, exstipulate, some¬ 
times connate leaves, and usually cymose inflorescence (figs. 249, 250.) 

Flff. 571-675 —Illustratinns nf the natural order Caryophyllace®. 

Fig. 671.—Diagrora of the flower of Alsine media* common Chlckweed, belonging to the 
nfttural order Car>ophyHaccn\ suborder Alsiiic®. The flower consists of five imbricate sepals, 
live alternate petals, five stamens, a umlocular ovary, with a free central placenta, and numcr- 
ona ovuica 

Fig. 675?.—Section of the flower of Dianthus Caryophyllus, Carnation, r, Calyx; p, petals, 
cohering with the stamens at tlic base; r, stamens; g, gynophoro or thecapbore, «.e. tlie stalk 
■apporting the ovary; o, ovary with ccatiol placenta and ovules; Sy two stigmas, which are 
papillose all along tiieir inner surface. 

Fig. 678 —Horizontal section of the ovary In a very young state, showing the partitions, c c, 
which divide the ovary into two cavities. These divisions ultimately disappear, leaving the 
placenta, p, bearing the ovules free in tlie centre 

Fig. 67^—Capsule of Lychnis Gltlrngo at the period of dehiscence, when the pericarp separates 
into five valves at the summit 1. The capsule entire 2. Capsule cut vertically, to show the 
leedSi g, ^oped In a mass, on a ft'ec central placenta, p. 

676.—^da 1 Entire seed. 2 Seed cut vertically, t, Spermodemi. c, Peripherical 
surrounding the mealy perispera), p. 



TlVIAinAOBJ^-MAlTACE®.. 


383 


They inhabit chiefly temperate and cold regions. According to the 
calculation of Humboldt, Cloveworts constitute of the flowering 
plants of France, , 1 ,^ of Germany, of Lapland, and of North' 
America. Those found within the tropics are usually met with on 
high elevations and mountainous tracts, many of them exclusively 
vegetate in regions of the lowest temperature. The order has been 
divided into three suborders;—1. Alsinese, sepals distinct (fig. 269), 
and opposite the stamens, when the flowers are isostemonous. 2. 
SileneSB, sepals cohering in a tube (fig. 290 c), opposite the stamens, 
when the flowers are isostemonous. 3. Mollugineas, sepals distinct or 
nearly so, alternate with the stamens, when isostemonous. Lindley 
mentions 53 genera, and 1055 species. Examples —Alsine, Cerastium, 
Dianthus, Silene, Mollugo. 

779. The plants of this order are usually insipid, but according to 
Malapert and Bonnet, some are poisonous. The poisonous quality is 
attributed by them to the principle called Saponine, which exists in 
many of the species of Saponaria, Silene, Lychnis, and Dianthus. 
To Saponine, also, is due the saponaceous or soap-like properties of 
the plants. Hoiikenejapeploides has been used as a pickle. In Iceland 
it serves as an article of food. The greater part of the plants of the 
order are weeds, but some are showy garden flowers. To the latter 
may be referred all the varieties of Dianthus Caryophyllus, Clove-pink 
or Carnation, Picotees, Bizarres, and Flakes, numerous species of 
Pink, Campion, &c. The varieties of Carnation depend on the mode 
in which the coloured stripes or dots are arranged on the petals, 
and the entire or serrated appearance of their edges. The formation 
of the placenta in the Caryophyllacete has given rise to much dis¬ 
cussion, some looking upon it as a marginal, others as an axile for¬ 
mation (1[ 443). 

780. Order 26.—TivianiBce*, the Viviania Family. {Polypet. Hvpog.) 
Sepals 5, united. Petals 5, hypogynous, unguiculate, persistent, with 
twisted aestivation. Stamens 10, hypogynous; filaments free; anthers 
bilocular, opening longitudinally. Ovary free, 3-celled; stigmas 8. 
Capsule 3-celled, 3-valved, loculicidal; seeds, 2 in each cell, with a 
curved embryo lying among fleshy albumen.—Herbaceous or suffruti- 
cose plants, with opposite or verticillate exstipulate leaves. All the 
members of this order which have yet been discovered inhabit Chili 
and South Brazil. They have no properties ofimportance. Genera, 4; 
species, 15. Examples —Viviania, Caisarea. 

781. Order 27.—iwaivare*, the Mallow Family. {Polypet. Hypog.) 
Sepals 5 (fig. 577), rarely 3 or 4, more or less cohering at the base 
(fig. 274 c), with a valvate aestivation (fig. 263), often bearing an external 
calyx {epicalyx) or involucre (fig. 274 6). Petals equal in number to 
the sepals; sestivation twisted (fig. 264). Stamens 00 (fig. 578 a), 
hypogynous, all perfect; filaments monadelphous (fig. 578 t) or 
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p<%addplioa8 (fig. 551); anthers monothecal (fig. 828), reniform 
(fig. 679), with transverse dehiscence. Ovary formed by die nnioa 
•«f several carpels round a common axis (figs. 452, 580), either distinct 



or cohering; styles as many as the carpels (fig. 578 s'), united or free. 
Frmt capsular or baccate; carpels one or many-seeded, sometimes 
closely united, at other times separate or separable (figs. 383, 580); 
dehiscence loculicidal (fig. 449), or septicidal. Seeds amphitropal or 
semi-anatropal; albumen 0, or in very small quantity; embryo 



Figs. 576-584 “Organs of fructification of Malva sylvestrls, to lUostrate the natural order 
Maltacece. 

ffg. 676 —Flower viewed from above, with Its five petals, monodclphons stamens, peduncle or 
fl©w«r-stsll^ and two stipules, s. 

Mg. .677.—Diagram of the flower, showing the different whorls or verticils; five valvate or in- 
aepals, five twisted petals, indefinite monadelphous stamens, and united carpels. 

Fig. 678.^—Vertical section of the fiowf.i t, Caliculus, epicalyx, or involucre; c, calyx; j>, petals^ 
t, tu^ of monadelphous stamens, forming an arch above the ovary, o, and united at ^e base 
to tiie petals; a, anthers at the summit of the filaments, free; s, styles free at the summit, united 
below. 

Fig. 679.—A reniform monothecal anther, dehiscing transversely, separated with the upper 
part of the filament 

fig. 680.—Frait» surrounded by the persistent calyx, c, consisting of whorled carpels united 
tog^er by the ax^. a. 

tig. Ml.—A separate carpel viewed laterally. 

Wg.682.- Exaibuminoas amphitropal seed. 

Fl^ - Ciuii^ embiyo. 

Fig. 684.— Se^pbn of the embryo, to show the doubled cotyledona 
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curved (fig. 588); cotyledons twisted or doubled (fig; 584).—Srai»- 
ceous plants, trees or shrubs, with alternate stipulate leaves (fig. 67C 
more or less divided, and often with stellate hairs (fig. 82). They are ’ 
found chiefly in tropical countries, and in the warm parts of the tem¬ 
perate zone. This family is closely related to the Sterculiads, includ¬ 
ing which they have been calculated to form jj'j of the flowering plants 
in Sicily, in France, gjy in Sweden In Lapland they are un¬ 
known. They form of those plants met with in temperate parts-of 
North America, in the equinoctial parts of the same continent; 
taking into account the vegetation of the valleys, they, according to 
Humboldt, form of the flowering plants in the tropics, in the 
temperate zone, and are not found in the frigid zone. Lindley enume¬ 
rates 87 genera, including 1,000 species. The order has been divided 
into three tribes:—1. Malvern, an involucre present; fruit apocarpous 
or separable. 2. Ilibiscem, an involucre; fruit syncarpous. 3. Sidesa, 
no involucre; fruit either apocarpous or syncarpous. Exampla — 

Lavatera, Malva, Hibiscus, Sida. 

782. The plants of the order are all wholesome, and yield mucilage 
in large quantity. Some furnish materials for cordage, others supply 
cotton. Malva sylvestris, Common Mallow, and Alikma offlciruditf 
Marsh Mallow, are employed medicinally, as demulcents and emol¬ 
lients. The latter is the Guimauve of the French. The flowers of 
Althaa rosea, the Hollyhock, are officinal in Greece for similar pur¬ 
poses; the plant also yields fibres and a blue dye. The petals 
of Malva Alcta, and Hibiscus Rosa-sinensis, possess astringent pro¬ 
perties ; the Chinese make use of them to blacken their eyebrows 
and the leather of their shoes. The flowers of Abutilon escidentum, 
and the fruit of Abelinoschus esculentus, called Ochro, are used as 
articles of food. Hibiscus cannabinus is tlie source whence sun-hemp 
is procured in India. Other species of Hibiscus as well as Patitium 
tiliaceum yield useful fibres. The bark of Paritium datum furnishes 
Cuba Bast. Cotton is composed of the hairs surrounding the seeds 
of various species of Gossypium. These hairs, when dry, exhibit 
under the microscope a peculiar twisted appearance. Gossypium 
barbadense seems to bo the species which yields the best cotton; 
the Sea-Island, New Orleans, and Georgian cotton being produced 
by varieties of it. Gossypium peruvianum. or acuminatum furnishes 
the South American cotton; Gossypium kerbaceum, the common 
OTttop of India. G. arboreim is the Indian-tree cotton. The 
Ghmese Nankin cotton is furnished by a variety of G. herbaceum. 

J be quality of cotton-wool depends on the length, strength, and firm¬ 
ness of the tissue, or, as it is culled, the staple. These essential attri¬ 
butes are modified by the cleanliness and the colour. Long-su^ed 
cottons are generally used for the twist or warp, and short-stapled ipr' 
the weft. The value of cotton varies not only according to the speowi^ 



38§ 


STEltCDLIACEA 


but also according to the naturfe of the climate in which it grows. 
The total import of C!otton into Britain in 1850 was upwards of 928 
millions of pounds. The seeds of the cotton-plants yield oil which 
has been used for lamps; when bruised they are employed for oil 
cake. • 

783. Order 28.—fiiicrcniiacea!, the Stercniia and Silk-cotton Family. 

{Polypet. Hypog.) Calyx of 5, more or less united, sepals, often sur¬ 
rounded by an involucre; aestivation usually valvate. Petals 5 or 
none, hypogynous, aestivation twisted. Stamens usually co ; their 
filaments variously united; anthers 2-celled, extrorse. Pistil of 5 
(rarely 3) carpels, either distinct or cohering; styles equal in number 
to the carpels, free or cohering; ovules orthotropal (fig. 523) or ana- 
tropal. Fruit capsular, usuily with 6 cells, or follicular or Suc¬ 
culent. Seeds often with a woolly covering; with a fleshy or oily 
perisperm (rarely 0), and either a straight or a curved embryo; 
cotyledons leafy or thick, plaited or rolled round the plumule.— 
Trees or shrubs, with alternate leaves, which are either simple or 
compound, deciduous stipules, and often a stellate pubescence. They 
are distinguished ftpm Malvaceae by their dithecal e.xtrorse anthers. 
They inhabit warm climates. The order has been divided into the 
following sections :—1. Bombaoeoe, with hermaphrodite fiowei’S and 
palmate or digitate leaves; found most abundantly in America. 
2. Helicterete, with hermaphrodite flowers and simple leaves; appa¬ 
rently unknown in Africa. 3. Sterculiea:, with unisexual flowers, 
and either simple or palmate leaves ; chiefly in India and Africa, 
lindley mentions 34 genera, including 125 species. Examples — 
Bombax, Helicteres, Stcrculia. . 

784. The plants are mucilaginous and demulcent; many are used 
for food, others supply a material like cotton. The silky hairs sur¬ 
rounding the seeds of Bombax Ceiba, the Silk-cotton tree, are used for 
stuffing cushions and chairs, and for various other domestic purposes. 
They cannot be manufactured, in consequence of no adhesion existing 
between the hairs. The trunk of the tree is made into canoes. Adan- 
sonia digitata, the Baobab tree of Senegal, or monkey-bread, is one of 
the largest known trees. Its trunk sometimes attains a diameter of 
thirty feet, while its height is by no means in proportion. 4 he pulp 
of its fruit (amphisarca) is used as an article of food. It is emollient 
and mucilaginous in all its parts. The dried leaves when powdered 
constitute lalo, a favourite article with the Africans, which they mix 
with their food for the purpose of diminishing the excessive perspira¬ 
tion to which in those climates they are subject. It is found by 
Europeans to be most serviceable in cases of diarrhosa, fevers, and 
other maladies. Durio zihethinus furnishes the fruit called Durian in 
the Indian Archipelago. The fruit is much prized, although it has a 
fmtid si^our, which has given rise to the name Civet Durian. Ckeiros- 
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Urmn platanoides is called the Hand-plant of Mexico, on account of its 
five peculiarly curved anthers, which resemble a claw. Helicteres 
(from Jielix, a snail) is so named on account of its twisted truit. The 
Kola, mentioned by African travellers as being used to sweeten water, 
is the seed of StercuUa tomentosa or acuminata. 

785. Order 29.— Bj-imcriace®, the Byttneriaand Chocolate Family. 
{Polypet. Hypog.) Calyx 4-5 lobed, valvate in eestivation (fig. 261 c). 
Petals 4-5 or 0, often elongated at the apex, with a twisted or indu¬ 
plicate sestivation (fig. 261 p). Stamens hypogynous, either equal in 
number to the petals, or some multiple of them, more or less mona- 
delphous, some of them sterile; anthers bilocular, introrse. Ovary 
free, composed usually of 4-10 carj)els arranged round a central column; 
styles terminal, as many as the carpels, free or united; ovules 2 in each 
loculament. Fruit capsular, either with loculicidal dehiscence, or the 
carpels separating from each other. Seeds anatropal, often winged; 
embryo straight or curved, lying usually in fleshy albumen; cotyledons 
either plaited or rolled up spirally.—Trees, shrubs or undershrubs, 
with alternate leaves, having either deciduous stipules or 0, and stel¬ 
late or forked hairs. They abound in tropical climates. Bindley 
enumerates 45 genera, embracing 400 species. Byttneriads are often 
united with Sterculiads, from which they are distinguished by their 
slightly monadelphous stamens, and anthers turned inwards. Their 
two-celled anthers and not columnar stamens distinguish them from 
Mallow-worts. The order has been divided into si.x suborders founded 
on the following genera: Examples —Lasiopet.ilum, Byttneria, Her- 
mannia, Dombeya, Eriolmna, and Philippodendron. 

786. Ihe plants abound in mucilage, and many yield cordage. 
The seeds of Thcohroma Cacao are called Cacao-beans, and are the 
chief ingredient in chocolate, which contains also sugar, arnotto, vanilla, 
and cinnamon. The seeds by pressure yield a fatty oil, called Butter 
of Cacao. They contain a crystalline principle analogous to caiFeine, 
called Theobromine. The Cocoa of the sho]).s consists generally of the 
roasted beans, and sometimes of the roasted integuments of the beans, 
ground to powder. 

787. Order SO. —TiUacc®, the Lime-tree Family. {Polypet Hypog.) 
Sepals 4-5, with a valvate aestivation. Petals 4-5, entire, rarely want¬ 
ing. Stamens hypogynous, free, or united by the enlarged border of the 
stdk of the pistil (fig. 316,1, 2), usually oc ; anthers 2-oelled, dehiscing 
longitudinally or by pores, occasionally some abortive (fig. 816, 2). 
Disk often large ahd glandular. Ovary solitary, formed by the union 
of 2-10 carpels; style 1; stigmas as many as the carpels. Fruit dry 
or pulpy, either multilocular with numerous seeds, or by abortion uni¬ 
locular and 1-seeded. Seeds anatropal; embryo erect in the axis of ^ 
fleshy albumen, with flat, leafy cotyledons (Bg. 610).—^Trees or shrubs, 
rarely herbaceous plants, with alternate stipulate leaves (fig. 195). 
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The principal part of the order is found within the tropics lorming 
weed-like plants, or shrubs, or trees, with handsome, usually white or 
pink flowers. A small number are peculiar to the northern parts of 
either hemisphere, where they form timber trees. The order has been 
divided into two sections;—1. TUies, with entire petals or 0, and 
anthers dehiscing longitudinally. 2. Elteocarpe®, with lacerated petals, 
and anthers opening at the apex. Lindley enumerates 35 genera, in¬ 
cluding 350 species. Examples —Tilia, Corchorus, Grewia, Aristo- 
telia, Elaeocarpus. 

288. The plants possess mucilaginous properties, and many of them 
furnish excellent materials for cordage. The fruit of some is edible. 
From the gummy matter they contain, some have been employed as 
demulcents. The inner bark, the bast or bass, of the Linden or Lime- 
tree {THia Europcea), is tough and fibrous, and from it are manufactured 
Russian mats. The bark of Luhea gnuulijlora is used in Brazil for 
tanning leather. An infusion of the flowers is used on the continent 
as an antispasmodic and expectorant. Corchorus capsularis in India 
furnishes Jute used for coarse carpets and gunny bags. The leaves 
of Corchorus olitorius, Jew’s-inallow, are used as a culinary vegetable. 
C. pt/nformh yields fibres in Japan. 

789. Order 31.—Uipierocarpacea, the Sumatra-Camphor Family’. 
(Polpet. Uppog.) Calyx tubular, 5-lobed, unequal, naked, persistent, 
and afterwards enlarged, with an imbricated aestivation. Petals hypo- 
gynous, sessile, often combined at the base, with a twisted aestivation. 
Stamens indefinite, hypogynous; filaments dilated at the base, either 
distinct or irregularly cohering; anthers innate, bilocular, subulate, 
opening by terminal fissures. Torus not enlarged in a disk-like man¬ 
ner. Ovary superior, 3-cclled; ovules in pairs, pendulous; style and 
stigma simple. Fruit coriaceous, unilocular by abortion, 8-valved or 
indehiscent, surrounded by the calyx, which is prolonged in the form 
of long wing-like lobes. Seed solitary, exalbuminous; cotyledons often 
twisted and crUmpled; radicle superior.—Trees with alternate leaves, 
having an involute vernation, and deciduous convolute stipules. Tliey 
are found in India and especially in the eastern islands of the Indian 
Archipelago, where, according to Blume, they form the largest trees 
of the forest. ^ There are about 8 known genera, including 48 species. 
Examples —Dipterocarpus, Vateria, Dryobalanops. 

790. The trees belonging to this order are handsome and ornamen¬ 
tal, and they abound in resinous juice. A kind of Camphor is pro¬ 
cured in^ Sumatra from Dryobalanops Camphora or aromatica. It is 
^creted in crystalline masses naturally into cavities in the wood. It 
is less volatile than the common namphor of commerce. It supplies 
thb camphor only after attaining a considerable age. In its young 
state it yields on incision a pale yellow liquid, called the liquid cam¬ 
phor of Bt^eo and Sumatra, which consists of resin and a volatile oil 
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having a camphoraceous odour. Tndian copal, or Gum animi of com 
merce, is the inspissated varnish got from Valeria Indica. The fruii 
of this tree yields to boiling water the celebrated butter of Canara, oi 
Piuei tallow. Various species of Dipterocarpus yield a substance likt 
Balsam of Copaiva. D. turbinatus yields wood-oil. 

791. Order 32.—Chi*«ace», the Chlasnad Family. Hygog. 

Involucre 1-2-flowered, persistent. Sepals S, small. Petals 5-6 
hypogynous, sometimes combined at the base where they are broader 
Stamens 10, or indefinite; filaments cohering at the base, and united 
to the base of the petals; anthers roundish, free or united, bilocular. 
Ovary single, trilocular; style 1, filiform; stigma trifid. Capsule 
3-celled, or by abortion 1-celled. Seeds solitary or numerous, sus¬ 
pended, attached to a central placenta ; embryo in the axis of fleshy 
or horny albumen; cotyledons* leafy, undulated.—Trees or shrubs, 
with alternate stipulate leaves, found in Madagascar. Their proper¬ 
ties are unknown. There are four genera enumerated, including pro¬ 
bably about 8 or 10 species. Examples —Sarcotena, Leptolsena. 

792. Order 33.—TcrnsircDmtaceir, the Tea Family. {Polypet.Hypog.] 
Sepals 5 or 7, conc.ave, coriaceous, deciduous, the innermost often th« 
largest; mstivation imbricated (fig. 2G5 c). Petals 5, 6, or 9, ofter 
combined at the base (fig. 265 p). Stamens indefinite, hypogynous ; 
filaments free, or united at the base into one or more parcels; anthen 
versatile, or adnate, dehiscing longitudinally. Ovary muJtilocular: 
styles 2-7. Fruit either a capsule, 2-7 celled, opening by valves, or 
coriaceous and indehiscent. Seeds attached to the axis, few and large; 
albumen 0, or in very small quantity; embryo straight or bent, or 
folded back ; radicle next the hilum ; cotyledons very large, often con¬ 
taining oil.—Trees or shrubs, with alternate coriaceous, exstipulate 
leaves, which are sometimes dotted. They abound in South America, 
and many occur in India, while others inhabit China and Nortli 
America. There are 33 genera, and 130 species enumerated. Ex¬ 
amples —Ternstroemia, Gordonia, Camellia, Thea. 

793. The most important plants of this order are those which yield 
Tea. Considerable discussion has taken place regarding the Tea plants; 
some say that there is only one species; others, two; others, three. 
Fortune visited the black and green tea districts of Canton, Fokien, 
and Chekiang, and he says that the black and green teas of the nor¬ 
thern districts of China are obtained from the same species or variety, 
viz. that cultivated in Britain under the name of Thea viridis; while 
the black and green teas from the neighbourhood of Canton are made 
from the species or variety cultivated in this country under the name 
of Thea Bohea. Some make the Assam plant a different species, and 
thus recognize three, Thea Cantmiensis or Bohea, Thea viridis, and TTiea 
Assamica. The quality of the tea depends much on the season when the 
leaves are picked, the mode in which it is prepared, as well as the district 
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in which it grows. Green Tea contains more essential oil and tannin than 
Black Tea. The Green Teas include Twankay, Young Hyson, Hyson, 
Gunpowder, and Imperial; while the black include Bohea, Congou, 
Souchong, Oolong, and Pekoe. The teas of certain districts, such as 
Ankoi, have peculiar characters. In some instances teas are dyed by 
means of Isatis indigotwa; in other cases, by Prussian blue, turmeric, 
and gypsum. Perfume is communicated to teas by means of Olea 
fragrans, C/iloranthus inconspicuus, and Aglaia odorata. There is a 
bitter principle in tea called theine, which may be procured by adding 
a slight excess of acetate of load to a decoction of tea, filtering hot, 
evaporating, and subliming. According to Dr. Stenhouse, 

1 lb. of Green Hyson Tea i^ave 72 grains pure ^vhite TLeine, and 2 coloured 
= 74 grains or I'Oo p c. • 

8 oz. Black Congou gave 34‘5 gr, pure, and 1*5 iinimrc = 36 gr. or 1*02 p. c. 

6 oz. of Black A«sam Tea yielded 30 gr. or 1 37 p c 
1 lb. of a cheap Green Tea, called Tuaukay, gave GU gr. or 0 D8 p. c. 

In 1846, the Imports of Tea into tlic United Kmgdom were— 


Black, about.43,000,000 lbs. 

Green, about.J3,000,000 — 

'Putal,.,30,000,000 — 


In 1856, the total imjiorts were 66,500,000 lbs. An interesting 
account ot the Tea plants, and the manufacture of Tea, will be 
found in Fortune’s “Travels in China,’’ in Ball’s “Account of 
the Cultivation and Manufacture of Tea,” Boyle’s “Illustrations of 
Himalayan Botany,’’and his “Productive Besourcesof India.” The genus 
Camellia is prized on account of its showy flowers. There are numer¬ 
ous cultivated varieties of Camellia japonica, many of rvlfich can endure 
the climate of Britain wlum trained on a wall with a southern exposure, 
or slightly protected. In China, Camellia SasaiK/ua, or Sasanqua tea, 
is cultivated on account of it.s flowers, which are said to impart fra¬ 
grance and flavour to other teas. Camellia oleifera yields a valuable oil. 

-794. Order 34.—oiocace®, the Olax Family. (Polypet. Hypog.) 
Calyx small, garaosepalous, entire or toothed, often becoming finally 
large and fleshy; mstivation imbricated. Petals 3-6, hypogynous, 
free, or adhering in pairs by means of the stamens ; a?stivation valvate. 
Stamens hypogynous, some fertile, others sterile; the former 3-10, 
alternate with the petals, the latter opposite to the petals; filaments 
compressed; anthers innate, bilocular, with longitudinal dehiscence. 
Ovary 1-3-4-celled; ovules 1-3, pendulous from a central placenta; 
style filiform ; stigma simple. Fruit fleshy, indehiscent, often sur¬ 
rounded by the enlarged calyx, unilocular, monospermal. Seed ana- 
trqpal, pendulous; albumen copious, fleshy; embryo small, at the 
liBse of the albumen.—Trees or shrubs, with simple, alternate, exsti- 
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pulate leaves, which, are, however, sometimes abortive. They are 
chiefly tropical or subtropical—being found in the East Indies, New 
Holland, and Africa. One only is known in the West Indies. A 
few are from the Cape of Good Hope. Little is known in regard to 
their properties. Olax zeylanica has a fetid wood with a saline taste 
and is employed in putridf fevers; its leaves are used in a salad. 
There are 24 genera, and 53 species enumerated. Examples —Olax, 
OpiUa, Icacina. 

795. Order 35.—AuranUBccw, the Orange Family. {Folypd. 
Hypog.) Calyx urceolate or campanulate, short, 3-5-toothed, wither¬ 
ing. Petals 3-5, broad at the base, sometimes slightly coherent; 
estivation imbricated. Stamens equal in number to, or a multiple 
of, the petals; filaments flattened at the base, distinct or combined 
into one or more parcels; anthers erect. Thalamus enlarged in the 
form of a hypogynous disk, to which the petals and stamens are 
attached. Ovai-y free, multilooular; style 1; stigma thickish, some¬ 
what divided. Fruit a hesperidium, having a spongy separable rind, 
and pulpy separable cells 552). Seeds anatropal, attached to the 
axis, solitary or several, usually pendulous, having the chalaza and 
raphe usually well marked ; porisperm 0; embryo straight; cotyle¬ 
dons thick and fleshy.—Trees or shrubs, usually consi)icuous for their 
beauty, with alternate, often compound loaves, which are articulated 
with a usually winged petiole (fig. 185). They abound in the East 
Indies. Jjwwuia Laureola is leniarkable a.s the only plant of this 
family found on the tops of cold and lofty mountains, where it is for 
some mouths of the year covered with snow. There are 20 genera, 
and nearly 100 species enumerated. Examples —Citrus, Limonia, 
Triphasia. 

790. The plants exhibit in every part receptacles of volatile oil. 
The oil abounds in the leaves and in the rind of the fruit. It is fragrant 
and bitter. The fruit has a more or less acid pulp, and the wood is 
generally compact. The Orange, Lemon, Lime, Citron, Shaddock, 
and Forbidden Fruit, belong to this order. Citrus vulgaris, yields 
the Bitter or Seville Orange, from the flowers of which an essential 
oil, called Neroli-oil, is procured, in the proportion of an ounce from 
650 pounds of flowers. A similar oil is gut from the flower of the 
Sweet Orange, Citrus Aurantrum. The rind of the Bitter Orange is 
used in conserves. In the young state, the fruit is sold under the 
name of Orangettes or Cura(;oa oranges. Orange-llower-water, as 
obtained from the flowers of the Bitter Orange, is employed as an 
anodyne. The chief kinds of Sweet Orange are the Common 
Orange, the Chinese or Mandarin Orange, the Maltese, and St. 
Michael’s. The last are the finest imported into Britain, and are 
distinguished by their smooth, thin rind. A single tree, it is said, 
will produce 20,000 good oranges. Their fruit is used medicinally. 
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on account of tbe pulp, -which contains sugar, mucilage, and citric 
acid. From the rind of the Sweet Orange, an oil, called Oil of 
Orange, is procured, which differs from Neroli-oil. A similar oil, 
but of inferior quality, is procured from the rind of the Seville 
Orange. Many look on the Bitter and Sweet Oranges as produced 
by varieties of one species. The Bitter Orange-tree is less than that 
yielding the Sweet Orange; the petioles are more distinctly foliaceous; 
the flowers have a sweeter fragrance; the rind of the fruit is darker 
and more bitter ; and its pulp more bitter and less sacchaiine. The 
Lemon, Lime, and Citron, are distinguished from oranges by their 
oblong form, their adherent rind, and a protuberance at the apex. 
Citrus lAmonum yields the Lemon, the juice of which is antiscorbutic, 
and is used for cooling drinks and efl’ervcscing draughts, while the peel 
or rind, on account of the oil it contains, is employed as an aromatic and 
anthelmintic. A single tree will produce 8,000 lemons. Citrus medica 
furnishes the Citron, which is larger than the Lemon, has a thicker 
and tuberculated rind, and a less acid pidp. The rind and juice may 
be applied to the same purposes as those of the Lemon. Citrus Limetta 
is the source of the Bergamot and Lime, which are probably merely 
varieties. The Bergamot is less than the i.emon in size, and is more 
pyriform, while its colour is golden. The Lime is about half the size 
of the Lemon; its rind is thin, dense, and of a greenish-yellow colour, 
and its taste is more bitter. Oil of Bergamot is the volatile oil of the 
rind, and 100 fruits are said to yield ounce.s. Citrus Dccumana 
furnishes the Shaddock; C. jxtradisi, the forbidden fruit; C olivmfor- 
mis, the Kumquat; and C. Fompdmos^ the Pompelmoose fruit. AVhat 
are called horned oranges and fingered citrons, are produced by a 
separation or multiplication of the carpels. Sometimes small fruits are 
enclosed within the large one. yEglc Mwmelos yields an excellent 
fruit. From Feronia elephantum, a gum, like gum-arabic, is procured. 

797. Order 36.—Hypcricarc*, the Tutsan or St. John’s-wort Family. 
{Polypet. Hypog.) Sepals 4-5, separate or united, persistent, usually 
•with glandular dots, unequal; sestivation imbricated. Petals 4-5, 
oblique, often with black dots, aestivation contorted. Stamens hypo- 
gynous, 00 ; generally polyadelphous (fig. 315), very rarely 10, and 
monadelphous or distinct; filaments filiform ; anthers bilocular, with 
longitudinal dehiscence; carpels 2-5, united round a central or basal 
placenta; styles the same number as the carpels, usually separate; 
stigmas capitate or simple. Fruit either fleshy or capsular, multilocular, 
and multivalvular, rarely unilocular. Seeds usually 00, minute, ana- 
tropal, usually exalbuminous; embryo usually straight.—Herbaceous 
plants, shrubs or trees, with exstipulate entire leaves, which are 
usually opposite and dotted. Flowers often yellow. They are dis¬ 
tributed very generally over all parts of the gl(<be, are found in elevated 
and low, dry and damp situations. ITiey yield a resinous coloured 
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juice which has purgative properties, and resembles gamboge. In 
the European species this yellow juice is in small proportion to the 
essential oil, and the rest of the vegetable matterthey have been used 
as tonics and astringents. Hypericum hircinum is fetid. A gargle for 
sore throats is prepared in Brazil from the Hypericum connatum. A 
decoction of the leaves of Hypericum laxiusculum, or Allecrim brabo, 
is reputed in .the same country to be a specific against the bite of ser¬ 
pents. Lindloy places Parnassia in this order. There are 15 known 
genera, and about 276 species. Examples —Hypericum, Elodea, 
Vismia, I’e.numuria. 

798. Order 37.—Gaaiftra, or cinsiacew, the Gamboge Family. 
{Polypet. Hypog.) Sepals 2-G or 8, usually persistent, round, fre¬ 
quently unequal and coloured ; aestivation imbricated. Petals hypo- 
gynous, equal to, or a multiple of, the sepals. Stamens hypogynous, 
usually 00, rarely definite, free or variously united at the base; fila¬ 
ments unequal in length ; anthers adnate, introrse or extrorse, some¬ 
times very small, 6ccasionally unilocular, and sometimes with porous 
or circumscissile dehiscence. Thalamus forming a fleshy, sometimes 
6-lobed disk. Ovary solitary, 1 or many-celled ; ovules either solitary 
and erect or ascenc^ng, or numerous and attached to central placentas; 
style 0 or very short, stigmas peltate or radiate. Fruit dry or fleshy, 
1 or many-celled, 1 or many-seeded, either with septicidal dehiscence 
or indehiscent. Seeds definite, anatropal, or orthotropal, in a pulp, 
apterous and often arillate, with a thin and membranous spermoderm ; 
albumen 0; embryo straight; cotyledons usually cohering.—Trees or 
shrubs, sometimes parasitical, with exstipulate, opposite, coriaceous, 
entire leaves, having a strong midrib, and lateral veins running directly 
to the margin. Flowers articulated with the peduncle, often unisexual 
by abortion. They ^re natives of tropical regions, more especially of 
South America; a few are from Madagascar and the continent of 
Africa. Tliey generally require situations combining excessive heat and 
humidity. Lindley enumerates 30 genera, including 150 species. 
Examples —Clusia, Garcinia, Cambogia, and Calophyllum. 

799. Ibe plants of this order yield a resinous juice, which is acrid, 
purgative, and has a yellow colour. Gamboge is one of the most 
important products. There arc two kinds of gamboge, one called 
Siam, and the other Ceylon Gamboge. The latter is the product of 
Cambogia gutta or Hebradendvon cambogioides, and it is probable that 
the other, which is the only sort in commerce, and which is known by 
the names of Pipe, Lump, and Coarse Gamboge, is derived from the 
same source. Another kind of gamboge, called Coorg or Wynaad 
Gamboge, seems to be the produce of Garcinia elliptica. Gamboge 
is a powerful irritant, and in large doses acts as a poison, causing 
inflammation of the mucous membrane. It is employed medicinally, os 
a drastic and hydragogue cathartic. It is an excellent pigment. The 
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resm of Tacamahaca is yielded by Cah^hylhm Calaha. An oil is 
obtained from the seeds of CalophyUum inophyllum. Pentadema 
butyracea is the Butter and Tallow-tree of Sierra Leone, so called on 
account of the solid oil which is furnished by the fruit. While an 
acrid resin is the product of most of the plants of the order, there are 
some parts in which the resin is either absent or elaborated in small 
quantity. Thus some of them produce fruits which are used as 
articles of diet. Garcinia Mangostana supplies the East Indian Man- 
gosteen, which is said’ to be one of the finest known fruits; it re¬ 
sembles a middle-sized Orange, and is filled with a sweet and highly- 
flavoured pulp. Mamruea americana gives a drupaceous fruit, called 
Mammee Apple, or Wild Apricot of South America. Its seeds are 
anthelmintic; its flowers yield by distillation a stomachic spirit called 
Eau de Crciole; and a wine is obtained by fermenting its sap. Mesua 
fetrea yields a hard and durable timber. The Clusias are handsome 
trees, remarkable for the mode in which they send out adventitious 
roots. The fruit of Clusia jlava, sometimes called Wild Mango, or 
Balsam-tree, ykdds a yellow juice like gamboge. 

800. Order 38.— MareKravlaorie. the Marcgr.avia Family. (Polypet. 
Hypog.) Sepals 2-7, usually coriaceous and persistent; ssstivatioii 
imbricated. Corolla hypogynous, of 5 petals, or gamopetalous, calyp- 
triform, entire or torn at the point. Stamens usually 00, very rarely 
5, hypogynous; filaments dilated at the base; anthers long, erect, 
introrse. Ovary single, unilocular; style 1 ; stigma often capitate. 
Fruit coriaceous, indehiscent, or dehiscing by valves in a loculicidal 
manner, the placentas being parietal and forming spurious dissepiments. 
Seeds indefinite, minute, in a pulp, anatropal, exalbuminous; embryo 
straight. —Trees and shrubs, with alternate, simple, entire, coriaceous, 
and exstipulate leaves. Flowers furnished occasionally with bracts, 
which are folded and united so as to form ascidia." They occur chiefly 
in the warmer parts of America. Their properties are scarcely known 
The stem, root, and leaves ol’ Marcgmvtu nmhellata, are regarded in 
the West Indie.s as diuretic. There arc four genera mentioned, and 
26 species. Examples — Maregravia, Norantea. 

801. Order 39.—nipporrntcacrw, the Hijipocratea Family. (Polypet. 

a og.) Sepals 5, very small, united up to the middle, persistent, 
an imbricated aistivation. Petals 5, with an imbricated aestiva¬ 
tion. Stamens 3, monadelphous; the united filaments forming a tube 
or a disk-like cup round the ovary; anthers with transverse dehbcence. 
Ovary free, trilooular; style 1; stigmas 1-3. Fruit consisting either 
of 3 samaroid carpels, or fleshy and 1-3 celled. Seeds definite, about 
4 in each cell, attached to a central placenta, exalbuminous, anatropal, 
with a straight embiyo, and flat somewhat fleshy cotyledons.—Arbores¬ 
cent or climbing shrubs, with opposite, simple, somewhat coriaceous 
leaves, hsvtng small deciduous stipules. They are found principally 
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in south America; a few are natives of Africa and the East Indies. 
The fruit of some is eatable. The fruit of Tonteka {Salacid)pyriformis, 
a native of Sierra Leone, is about the size of a Besgamot Pear; its 
flavour is rich and sweet. The nuts of HippowaUa comosa are oily 
and sweet; it is called in the French West Indian Islands, Amandni’ 
du Bois. Bindley mentions G genera, comprehending 86 species. 
Examples —Hippocratea, Salacia. 

802. Order 40. Erj-throxyiacc®, the Erythroxylon Family. {Polypet. 
Hypog.) Sepals 5, rmited at the base, persistent; restivation imbri¬ 
cated. Petals 5, hypogynous, broad and with a small scale at the base, 
slightly contorted in aestivation. Stamens 10, monadelphous; an¬ 
thers erect, bilocular, with longitudinal dehiscence. Ovary 3-oelled, 
two of which arc sometimes abortive; styles 3, distinct or united; stig¬ 
mas 3; ovule single, pendulous. Fruit a 1-seeded drupe. Seed an¬ 
gular, anatropal; embryo in the axis of firm albumen, rarely exalbu- 
minous; cotyledons linear, flat, and leafy.—Shrubs or trees with al¬ 
ternate stipulate leaves. Flowers arising from numerous, imbricated, 
scale-like bracts. Foand chiefly in the West Indies and South 
Amer ica. The plants of the order have tonic, purgative, and narcotic 
qualities. The leaves of Erythroocyhn Coca are used by the miners of 
Peru as a stimulant like opium. They are chewed with a small 
mixture of finely powdered chalk The wood of some is of a bright 
red colour, and yields a dye. 'There are 2 or 3 known genera, and 
about 80 species. AOTmjrles-—Erythroxylon, Sethia. 

803. Order 41.—maipiKiiiacpcr, the Malpighia Family. {Polypet. 
Hypog.') Sepals ,'r, slightly united, persistent, often glandular at the 
b;isc; aestivation imbricated. Petals 5, unguiculate, with convolute 
icstivation. Stamens usually 10, often monadelphous; anthers round¬ 
ish, with a projecting process from the connective (fig. 342). Ovary 
formed by 3 (rarely 2 or 4) carpels, more or less combined; ovules 
solitary, with a long pendulous cord ; styles 3, distinct or united. 
Fruit dry or fleshy, sometimes winged (fig. 466). Seeds solitary, 
orthotropal, suspended, exalbuminous; embryo straight or curved in 
various ways; cotyledons f’oliaceous or thickish (fig. 506).—Trees or 
shrubs, sometimes climbing, with simple, opposite, or very rarely al¬ 
ternate, stipulate leaves, without dots. Hairs, when present, peltate. 
Flowers either perfect or unisexual. They are inhabitants of tropical 
countries chiefly, and a great number of them are found in South 
America. Bindley notices 42 genera, including 555 species. Examples 
—Malpighia, Banisteria, Hiptage, Hirasa, Gaudichaudia. 

804. Some of the woody plants of this order exhibit an anomalous 
formation of the stem, from the absence of annular rings and medul¬ 
lary rays, and the peculiar mode in which the bai-k is produced. 
This is shown in figs. 105, 108, and 109, Many of the .plants are 
astringent. Some have stinging hairs (fig. 84). The fruit of ifoi- 
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pighia glabra is called Barbadoes Cherry, and is used as an article of 
dessert. Nitra/ria is a genus doubtfully referred to this order. N, 
tridentata, found in the desert of Soussa, near Tunis, is said by some 
to be the true Lotus-tree of the ancient Lotophagi. 

805. Order 42.—Aceraceae, the Maple Family. {Polypet. Hypog.) 
Caljrx divided into 5, rarely into 4 or 9 parts, with an imbricated aesti¬ 
vation. Petals equal in number to the lobes of the calyx, with which 
they alternate, rarely wanting. Stamens generally 8, inserted on a 
hypogynous disk. Ovary free, 2-lobed, 2-celled ; ovules in pairs; 
amphitropal, pendulous- style I, stigmas 2. Fruit, a samara (fig. 
465), composed of two winged carpels, each 1-celled with 1-2 seeds. 
Seeds erect, exalbuminous ; embryo curved, with foliaceous cotyledons, 
and the radicle next the hilum.-^Trccs with opposite, simple, lobed 
or palmate, exstipulate leaves. Flowers often polygamous. They are 
confined chiefly to the temperate parts of Europe, Asia, and North 
America. They yield a saccharine sap, from which sugar is sometimes 
manufactured. It is said that their juices become acrid as the season 
advances. The bark is astringent, and yields reddish - brown and 
yellow-coloured dyes. A Cfr sacc/tan'mim is the Sugar Mapleof America. 
Acer Pseudo-platanus, the Sycamore or Great JVl.apIo (tlie Plane-tree 
of Scotland), acts well as a shelter in exposed places, as near the sea. 
Its sap is slightly saccharine. Its wood is used in machinery and for 
charcoal. The leaves are often covered with black spots, caused by 
the attack of a fimgus, Xyloma or llytisma acerinum. There are 6 
known genera, and 60 species. Examples —Acer, Negundo, Dobinea. 

806. Order 43.—Sopiniiarcw, the Soapwort F,amily. {Polypet. Hy¬ 
pog.) Sep.als 4?-5, distinct or cohering at the base; aestivation imbri¬ 
cated. Petals 4-5, occivsionally absent, hypogynous, sometimes ntiked, 
sometimes with a glandular or scaly appendage inside; sestivation 
imbricated. Stamens usually 8-10, sometimes 5-6-7, very rarely 20; 
filaments free, or combined ju.st at the base; anthers introrse. Thala¬ 
mus forming a fleshy or glandular disc, into which the stamens are 
often inserted. Ov.iry trilocular, rartdy bi-or quadri-locular; ovules 
anatropal, definite; style either undivided or 2-3 cleft. Fruit either 
fleshy and indehiscent, or samaroid, or capsular, and 2-3 valved. 
Seeds solitary, often arillate, exalbuminous; embryo straight, curved, 
or spiral; cotyledons incumbent; radicle next the hilum.—Trees or 
shrubs, sometimes climbing herbaceous plants, with alternate, some¬ 
times opposite, compound (fig. 176), r.trely simple leaves, often marked 
with lines or pellucid dots They are natives principally of South 
America and India. Africa contains many of them ; they are wanting 
in the cold regions of the north. None are found wild in Europe. In 
thisorder are included the riippocastaneai or Horse-chestnuts, whichare t 
distinguished by their opposite leaves, and their two ovules in each cell, 
one ascending, the other suspended (iig. 428). Lindley gives 60 
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genera, including 380 species. Examples —Sapindus, PauUmia, Ne- 
phelium, jEsculus, Pavia, Dodonsea, Meliosma. 

807. In this order are included many plants which yield edible 
fruits, and others which are poisonous. A saponaceous principle exists 
in certain species. The fruit of Sapindus Saponaria, under the name 
of Soap-berries, is used as a substitute for soap in the West Indies. 
The Longan and Litchi are excellent Chinese fr .its, the produce of 
Nephdium Longan and N. Litchi. The kernel of the Longan pow¬ 
dered, is sometimes made into paper. Blighia or Cupania sapida 
yields the Akee fruit, the succulent arillus of which is used as food. 
.Many ol' the I’aulhnias are poisonous. From the seeds of PauUmia 
fiorhilis, however, the Guarana bread is prepared in Brazil. The 
seeds, after being dried and deprived of their white aril, are pounded 
and kneaded into a dough, which is afterwards made up into cakes or 
balls. This Guarana contains a bitter crystalline matter called Gua- 
ranine, identical with CatTeine. The bark of yEsculus Ilippocastanum, 
Horse-chestnut, has. been recommended as a febrifuge, and its 
seeds have been used as a substitute for coffee. The fruit and leaves 
of ./Esculns ohiotCHsis, the Buck-eye or American Horse-chestnut, are 
said to be poisonous. Paidlinia pinnata, and some other Sapindaceffi 
of Brazil, exhibit anomalous exogenous stems (fig. IOC). OpMocaryon 
paradoxum, is the Snake-nut-tree of Demerara, and is so called on 
account of the embryo, resonibliug a coiled-up snake. 

808. Order 44. —Rhizoboiarcw, the Souari-nut Family. (Polgpet. 
Hypog.) Sepals 5, more or loss combined; aistivation imbricated. 
Petals usually 5, uneiiual, thickish. Stamens indefinite, slightly 
monadelphous, arising from a hypogynous disk, in a double row, 
of which the inner is often abortive; anthers roundish, with longitu¬ 
dinal dehiscence. Ovary 4-5 celled ; ovules solitary, semi-anatropal; 
styles as many as the cells of the ov.ary ; stigmas simple. Fruit formed 
of several indehiscent, 1-celled, 1-seeded ruts, with a thick double 
endocarp. Seed renilorm, exalbuminous, with the funiculus dilated 
into a spongy excrescnce; embryo with a very large radicle, which 
constitutes nearly the whole of the kernel; cotyledons small, lying in 
a furrow of the radicle (fig. 503)..—Trees with opposite, palmately 
compound, coriaceous, exstipulate leaves. They grow in the warm 
forests of South America. Some of them furnish oil, others yield 
edible nuts. Souari nuts are the produce of Caryocar buiyrosum 
(Pekea butyrosa). Bindley notices 2 genera, and 8 species. Examples 
—Caryocar, Anthodiscus. 

809. Order 45.—lUeiincetc, the Melia Family. (Polypet. Ei/pog.) 
Sepals 4-5, more or less united, with an imbricated sestivation. Petals , 
4-5, hypogynous, sometimes cohering at the base, with a valvate or 
imbricated testivation. Stamens equal in number to the petals, or 2, 

8, or 4 times as many; filaments combined in a long tube j anthers 
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ses^e witiim orijSce of tbe tubs. Disk often large and oap-rfaped. 
Ovary single, multiloeular, the cells often equal in numbw to the 
petals; ovules usually anatropal, 1-2 in each cell; style 1; stigmas 
distinct or united. Fruit baccate, drupaceous or capsular, multiloou- 
lar, or by abortion unilocular, when valves are present opening by 
loculicidal dehiscence. Seeds not winged; albumen usually ab^nt; 
embryo straight, with leafy cotyledons.—Trees or shrubs with alter¬ 
nate (occasionally opposite), exstipulate, simple, or pinnate leaves. 
They are chiefly found in the tropical parts of America and Asia. 
Under this order, some include Humiriaceas, which are distinguished 
by a prolonged fleshy connective (fig. 341), albuminous seeds, and a 
slender embryo. Amott includes Cedrelaoese also under this order. 
There are about 40 known genera, and upwards of 160 species. 
Examples —Melia, Trichilia, Humirium, Canella. 

810. The plants of this order possess bitter, tonic, and astringent 
qualities. Melia Asedarachta is used in India as a febrifuge, and its 
fruit yields an oil which is employed for domestic purposes, and as 
an antispasmodic. The root of Melia Azedarach is bitter and nauseous, 
and is used in North America as an anthelmintic. Oils are procured 
also from species of Trichilia and Carapa (fig. 507). A warm 
pleasant smelling oil is,prepared from the fruit of Trichilia speciosa, 
which in India is considered as a valuable external remedy in chronic 
rheunaatism and paralytic affections. The bark of Carapa guiniknsis 
has reputation as an anthelmintic. The fruit called in the Indian 
Archipelago, Langsat, is the produce of a species of Lansium. A 
fragrant balsam, called Balsam ot Umiri, is got Irom the trunk of 
RimiHum floribundum. Canella alba, the plant which furnishes 
Canella bark, has been referred to this order, but great doubts exist as 
tnthe propriety of doing so. Bindley makes it provisionally a separate 
^er, Canellace®, which he places near Pittosporaceai. Canella bark 
B hot and aromatic, and is used as a spice, and medicinally as a stimu- 
■]««t tonic. It was formerly confounded with Winter’s bark, and the 
^ant was called by Linnseus, Winterania Canella, or spurious Winter’s 
bark. 

811. Order 46.—Cedrriaccw, the Mahogany Family. {Polypet. 

Calyx 4-5-cleft, with imbricated cestivation. Petals 4-6, 
with imbricated aestivation. Stamens 8-10, united below into a tube, 
SMnetimes distinct, inserted into a hypogynous annular disk; anthers 
bilocular, acuminated, with longitudinal dehiscence. Ovary usually 
4 or 6-ceIled; ovules anatropal, pendulous; style simple; stigma 
peltate. Fruit a capsule opening septifragally (figs. 450, 461). Seeds 
winged; albumen thin or 0; embryo straight, erect; cotyledons 
fleshy.— Trees with alternate, pinnate, exstipulate leaves. %ey are 
found in the tropical parts of America and Asia. Bindley enumerates 
9 genera, innlndmor 25 onecies. Examnles—CpArdlfL Swietenia. 
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' 812. The plants of this order are bitter, and have an aroaatic 
fragrance, avnetenia Mahagoni supplies the well-known mahogany 
wood. Its bark, as well as that of Siigmida febrtfuga, and of Cedraa 
febrijuga, are used for the cure of •intermittente. Chioroxylon Swie- 
tenia produces satin wood, and also yields a kind of wood-oik 

813. Order 47.—Ampciwe* or vitoceiej the Vine Famih?. (Poly¬ 
pet. Hypog.) Calyx small, nearly entire (fig. 586 c). Petals 4-6, 
sometimes cohering above (fig. 586 />), inserted outside an annular 
hypogynous disk (figs. 586, 587 g ); sstivation valvate. Stamens 
4-5, opposite to the petals (figs. 586, 587 e), inserted on the disk; 
filaments free, or united at the base; anthers ovate, versatile (fig. 587). 
Ovary 2-6-celled; ovules erect, anatropal (fig. 588 o); style 1, very 
short; stigma simple (588 s). Fruit pulpy and globular, not united 
to the calyx (fig. 589), sometimes 1-celled by abortion. Seeds 1 to 
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4 or 5, erect (590), with an osseous spermoderm, homy albumen 
(figs. 591, 592 p), and an erect embryo (fig. 691 e).—Climbing 
shrubs, having the lower leaves opposite, the upper ones altemsfte 
(fig. 221). Flowers in racemes, which are often opposite the leaves; 
floral peduncles sometimes becoming cirrbose. They inhabit the 

Figs. 666.692.-Orgaiis of fructification of Vitls rinifera, to iUnstrate the natmel order 
Vitacese or Atnpelideje. 

Fijf. 585.--DUgram of the flower, showing 6 sepals, 6 petals, 6 Btaraens opposite the petals OB 
accountoftnenou-dcvelopmentofonestaTmnalrow, adisk, andtheovary. 

Fig. 686.—^ower showing the petals, jp, detached at the base, and remaining united above 
in awj’ptra-ulceinanner. c, Calyx. Glands, forming a d i sk. <j, Stamena the filaments of 
which only ere seen. 

Hg. 687—Fftwer after the petaU have fillen. p, GlanOs of the disk, e, Stamens, with ver- 
rafiie antbera p. Pistil. 

Fig 688.—Vertical section of the flower, c, Calyx. ®, PetaJs. «, Filamonta. o, Orary, with 
2 cells and their erect anatropal ovules. Stigma. 

fig. 689.—Globular pulpy fruit, uva, or grape, differing from a berry, in the calyx not fbnning 
part of the pericarp. It is by some called imculanium. 

Fig. 600. —The seed of the grape, wiUi Its oseeous roermoderm enclosing a hard perlapenn. 

Fig. 69I.AJrhe seed cut vertically. <, The integument or spermodenn. Ferlepwia, «r 
anmmeih whi<ai Js homy. «, Erect embryo, with lanceolate cotyledons. 

Fig. 692.—Horizontal section of the Seed of grwe, about the middle, t, Integtzmeot or 
spermoderm. p, ^rii^enn or albumen. 
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milder as well as the hotter parts of both hemispheres, and abound 
in the West Indies. There are 7 genera, and 260 species. Ex¬ 
amples —Vitis, Cissus, Leea. 

M4. The plants of this order have generally acid leaves, and their 
fruit, when ripe, is saccharine. Vitis vini/era, the Grape Vine, belongs 
to this order. It is said to be a native of the shores of the Caspian, 
whence it was imported into Europe. The unripe fruit contains a 
harsh acid juice, called verjuice. It contains free citric, malic, and 
tartaric acids, along with bitartrate of potass. As grapes ripen, sugar, 
called Grape-sugar, is formed at the expense of the acids (T P04). 
The vessels of the Vine are large (fig. 61), and the sap passes through 
them with great force and rapidity. Wlien cut in spring the plant 
bleeds freely. The leaves of the vine, on account of their astringency, 
have been used in diarrhoea. In France its sap is a popular remedy 
for chronic ophthalmia. Vitis vulpina yields the Fox-grapes of Rhode 
Island. The leaves of Cissus conlata and C. setosa are said to possess 
acrid properties. The berries of the latter are acrid. Both leaves 
and fruit of Cissus tinctoria abound in a green colouring matter, which 
on exposure to air and light becomes blue, and is highly esteemed as 
a dye for cotton fabrics. Ampelapsis inrginica, the Virginian creeper, 
is commordy cultivated as a climbing plant. 

815. Order 48.—«eraBiiico», the Cranesbill Family. (PoJypet. 

Kypog.) Sepals 5, persistent, more or less unequal (figs. 307, 347 cc), 
one sometimes spurred at the base ; mstivation imbricated. Petals 5 
(or by abortion 4), unguiculate, with contorted aistivation (figs. 307, 
847, pp). Stamens monadclphous, hypogynous (figs. 307, 847 e), 
twice or thrice as many as the petals, some occasionally abortive. 
Ovary of 5 carpels, placed round-an elongated axis (fig. 307 <); ovules 
pendulous, solitary; styles 5, cohering round the axis (fig. 307 o). 
Fruit formed of 5 one-seeded coccoons, terminated each by an indu¬ 
rated style, which curls upwards, carrying the coccus or pericarp 
with it (fig. 455). Seeds exalbuminous, solitary, with a curved folded 
embryo, and leafy, convolute, and plaited cotyledons (fig. 511.)—Herbs 
or shrubs with simple, stipulate leaves, which are either opposite, or 
alternate with peduncles opposite to them. They are distributed over 
various parts of the world. The species of Pelargoniun abound at 
the Cape of Good Hope. Bindley mentions 4 genera, including, after 
separating hybrids, about 500 species. Examples —Geranium, Pelar¬ 
gonium. » 

816. The name Cranesbill is derived from the long beak-like pre- 
longation of the axis, or what is called the carpophore (1 437). The 
plants of this order are astringent and aromatic. The root of 
Oeranium maculatum, receives the name Alum root, in consequence 
of being a very powerful astringent. The tuberous or monUiform 
root#, of some, such as Pelargonium trisie (fig. 123), are eatable 
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The species of Pelargoninm are remarkable for Ae beauty of their 
flowers. By the art of the gardener, and by hybridization, many fine 
varieties of Pelargonium have been produced. 

817. Order 4 !).—i.uibc«», the Flax Family. (Polypet. Hypog.) 
Sepals 3, 4, or 6, persistent, with an imbricated aestivation. Petals 
3, 4, or 5, fugitive, unguiculate', hypogynous, with a twisted (estiva¬ 
tion. Stamens equal to the petals and alternate with them (with 
intermediate teeth or abortive stamens), arising from a hypogynous 
annular disk; anthers ovate, erect. Ovary with as many cells and 
styles as sepals, seldom fewer; stigmas capitate; ovules anatropal, 
jjendulous. Fruit a multilocuiar capsule, pointed generally with the 
indurated base of the styles; each loculament or cell more or less 
completely divided by a spurious dissepiment, arising from the dorsal 
suture, and opening by two valves at the apex. Seeds solitary in each 
spurious cell, compressed, pendulous; albumen usually in small 
quantity, sometimes 0 ; embryo straight; cotyledons flat; radicle next 
the hilum.—Annual and perennial plants, with exstipulate, simple, 
entire leaves, which are usually alternate. They are scattered over 
the globe, but are said to be most abundant in Europe, and in the 
north of Africa. By some authors the order is asswiated with 
Geraniacea;, from which it differs in its unbeaked fruit and exstipulate 
leaves, as well as the absencre of joints in the stem. There are 3 
genera mentioned by Bindley, comprising 90 species. Examples — 
Linum, Radiola. 

818. The plants yield mucilage and fibre. Flax, which consists of 
woody fibre (fig. 44), is procured from the inner bark of the stalk of 
Linum udtatissinnm, by the process of steeping and stripping off the 
bark. Linen and cambric are prepared from it. The flax plant is 
supposed to have been originally a native of Egypt, and mummy 
cloth has been shown to be formed of linen. The integument of the 
seeds is mucilaginous, and an infusion of them in boiling water is used 
as a demulcent and diuretic. The cotyledons of the seeds are olea¬ 
ginous, and by expression yield Linseed oil, which has the property 
of drying and hardening into an elastic varnish, on exposure to the 
air. It is used medicinally for burns mixed with lime water. After 
expressing the oil a cake remains, called oil-cake, which is used for 
fattening cattle. The powdered cake receives the name of Linseed 
meal, and is commonly used for poultices. Another species of Linum, 
called L. cijifhaTticuni, has purgative properties, which seem to depend 
on the presence of an acrid bitter matter, called Linin. Linum 
selaginoides is considered in Peru bitter and aperient. 

819. Order 50.—Balaamlnacrn, the Balsam Family'. (Polypet. 
^yp^9-) Sepals 5, irregular, deciduous, the two inner and upper 
connate, coloured, the lower (odd) sepal spurred (fig. 541): aestiva¬ 
tion imbricated. Petals alternate with the sepals, usually 4, in conse- 
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qtteace of 1 being abortive, often more or less irregularly united; 
ffistivation convolute. Stamens 5. Ovary 5-celled; ovules usually 
mnnerous, stigma sessile, more or less 6-lobed. Fruit a 5-celled 
capsule, opening septifragally, by 5 elastic valves. Seeds usually 
numerous; suspended, exalbuminous, with a straight embryo, and 
radicle next the hilum. Succulent ■ herbaceous plants with watery 
juice, having simple, opposite, or alternate, exstipulate leaves, and 
axillary irregular flowers. They inhabit chiefly the East Indies, and 
are remarkable for the force with which the seed-vessels open when 
ripe. The valves give way on account of the osmose which goes on 
in the cells, and they then curl up in a peculiar manner 27, 606). 
TilCbey have usuaUy showy flowers, but their properties are unimportant. 
Bindley mentions 2 genera, including 110 species. Examples —Im- 
4^tiens, Hydrocera. 

820. Order 51.—Oxniiaacew, the Wood-sorrel Family. {Polypet. 
Hypog.) Sepals 5, equal, somctmies cohering slightly at the base, 
persistent, imbricate in mstivation. Petals 5, equal, unguiculate, 
hypog 3 mous, with a twisted ajstivation. Stamens 10, more or less 
monadelphous, in 2 rows; those opposite the petals being longer thau 
those in the outer row ; anthers erect, bilocular. Ovary usually quin- 
quelocularf styles filiform, distinct; stigmas capitate or slightly bifid. 
Fruit capsular, membranous or fleshy, usually 5-celled, and when 
dehiscent 5-10 valved. Seeds few, anatropal, albumino«s, attached 
to a central placenta, sometimes with a peculiar clastic integument; 
embryo straight, as long as the fleshy albumen, with a long radicle and 
leafy cotyledons.—Herbs, undershrubs, or trees, with alternate, rarely 
opposite compound (occasionally simple) leaves, which are generally 
without stipules. 'Ihey are found in the hot as well as the temperate 
parts of the world, and are abundant in Noith America and at 
the Cape of Good Hope. The shrubby species are confined to the 
hotter parts of the world. In some cases phyllodia, or winged 
petioles, occupy the place of leaves. There are about 6 known 
genera, and upwards of C20 species. Examples —Oxalis, Averrhoa, 
Hugouia. 

821. They are often acid in their properties. Some of them yield 
esculent roots. Oxalis Acetosella, common Wood-sorrel, receives its 
name from its acid taste. It contains blnoxalate of potash, which is 
sometimes called the salt of sorrel, and at other times the essential salt 
of lemons. The plant has been used as a refrigerant and antiscorbutic. 
Its leat'es are trifoliate, and some have considered it to Be the true 
Shamrock, in consequence of being in flower about the period of the 
year when St. Patrick’s day occurs. Some of the oxalises, as 0. sesnsi- 
tiva, have sensitive leaves, and experiments have been made in regard 
to their closing and opening by Morren 660). Oxalis crenata, 
es^enta, and Deppei, yield tubers, which have been used as a substi- 
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tute for potatoes. The add fruit of Averrkoa BilimU and €amjMa 
is used in the East Indies as food. 

822. Order 52 .— Tropa»iace», the Indian Cress Family, {Pdypet. 

Hypog.) Sepals usually 5, the upper spurred (fig. 276); wstivation 
slightly imbricate. Petals often 5, hypogynous, more or less unequal, 
sometimes abortive (fig. 542); aestivation convolute. Stamens 8 or 10, 
seldom fewer, free, almost perigynous; anthers bilocular, innate. Ovary 
triquetrous, composed of 3-5 carpels, with a single style, and 3-5 
acute stigmas; ovules solitary, often pendulous. Fruit indehistsent, 
usually composed of 3 pieces. Seeds exalbuminous, with a large em¬ 
bryo, which has thick, often united, cotylec^pns, and a radicle next the 
hilum.—Herbaceous trailing or twining plants, having a delicate tex¬ 
ture, with alternate exstipulate leaves, and axillary, often gay, flower®. 
They are natives of the temperate parts of America, and are exten¬ 
sively cultivated on account of their showy yellow, orange, scarlet, 
and occasionally blue flowers. They have more or less pungency in 
their fruit, which is used as a cress. The unripe fruit of Tropceolum 
majus, common Indian Cri'ss, has been pickled and used as capers. 
Their roots are sometimes eaten. Lindley includes Limnanthe® in this 
order, and enumerates (i genera, including 44 species. Example — 
Tropmolum. * 

823. Order 53.—Pmoxporaccie, the Pittosporum Family. {Pdypet. 
^ypoy-) Sfepals 4 or 5, deciduous, distinct or partially united; »stiva- 
tion imbricated. Petals 4 or 5, sometimes slightly cohering, with 
imbricated mstivation. Stamens 5, distinct, alternate with the petals. 
Ovary single, 2-5 celled; style 1; stigmas 2-5, equal in number to 
the placentas. Fruit cajisular or berried, with many-seeded cells, 
which are sometimes incomplete ; dehiscence loculicidal. Seeds often 
enveloped in a glutinous or resinous pulp, anatropal, with a minute 
embryo lying in fleshy .albumen; radicle long; cotyledons very short. 
—Trees or shrubs, with simple, alternate, exstipulate leaves and 
flowers occasionally polygamous. They are found chiefly in Austra¬ 
lasia. Many of them are resinous, and, in some instances, the berries 
are eaten Lindley mentions 12 genera, including 78 species. Ex~ 
ampLes —Pittosporum, Bill.ardiera, Solly a. 

824. Order 54.—-Brcxiaccoe, the Brexia Family. (Polypet. Hypog.) 
Calyx small, persistent, of 5 coherent sepals, with an imbricated ®sti- 
vation. Petals 5, with twisted mstivation. Stamens 6, alternate with 
the petals, arising from a imrrow cup or disk, w'hich is toothed between 
each stamen ; anthers bilooul.ar, erect, opening longitudinally and in- 
trorsely. Ovary 5-celled; ovules numerous, in twm rows; placentas 
central; style 1 ; stigma simple. Fruit drupaceous, 6-ceIled, many- 
seeded. Seeds having two distinct coverings, anatropal; embryo 
straight; radicle cylindrical; cotyledons ovate, obtuse.—Trees with 
coriaceous, alternate leave3,having small deciduous stipules. They exist 
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principally in Madagascar. Lindley associates some perigynous genera 
with Brexia, and places the order near Saxifragacese. He enumerates 
4 genera, including 6 species. Example —Brexia. 

825. Order 55.— *y*»phyltoce», the Guaiacum Family. {Polypet, 
Eypog.) Calyx 4-5 parted, with convolute aestivation. Petals alter¬ 
nate with the calycine segments, with imbricated aestivation. Stamens 
twice as many as the petals; filaments dilated at the base, usually 
arising from scales (fig. 313). Ovary simple, 4-5 celled; divisions 
occasionally formed by spurious dissepiments (figs. 438, 439). Ovules 
2 or more in each cell, usually pendulous; style simple, 4-5 furrowed ; 
stigma simple, or 4-5-loJ>ed. Fruit capsular or rarely fleshy, with 
4-5 angles or wings, 4-5-valved, either opening by loculicidal dehis¬ 
cence, or indehiscent. Seeds few, usually with whitish albumen, 
sometimes exalbuminous; embiyo green, with foliaceous cotyledons, 
and a superior radicle.—Herbs, shrubs, or trees, with opposite, stipu¬ 
late, usually compound leaves, which are not dotted, and hermaphrodite 
flowers. They occur in various parts of the world, chiefly in warm 
extra-tropical regions, as in the south of Europe, America, Africa, 
and India. The order has been divided into two sections:—1. Zygo- 
phylleae, having albuminous seeds. 2 Tribulea?, having exalbuminous 
seeds Lindley mentions 7 genera, comprising 100 species. Examples 
-^Zygophyllum, Guaiacum, Tribulus. 

■ 826. Some of the plants abound in a stimulant resin, which pervades 
the wood and bark ; others are bitter and acrid. The medicinal species 
are used as sudorifics. Zygophyllum Fahago is called the Bean-caper, 
on account of its flowers being used as a substitute for capers. The 
plant is said to act as a vermifuge. Guaiacum officinale is a beautiful 
West Indian tree, the wood of which, commonly called lignum-vitse, 
is prized for its hardness. The alburnum is of a grayish-yellow colour, 
while the duramen is greenish-black. The fibres of the wood are 
remarkable for their direction, being cross-grained, in consequence of 
one layer crossing another diagonally. It yields a resinous matter 
known as the resin of Guaiac, or Gum-guaiac. This resin exudes 
spontaneously, or it may be procured by incisions, or by the applica¬ 
tion of heat. A solution of the resin in alcohol, when applied to the 
liresh cut surface of a potato, gives rise to a blue colour. Both the 
wood and the resin are used medicinally on account of their stimulant 
diaphoretic properties. In decoction and tincture tliey are adminis¬ 
tered in cutaneous and syphilitic diseases. . Guaiacum sanctum from 
Mexico has similar properties, and is sometimes used medicinally on 
the continent. 

827. Order 66.—Bomcese, the Rue Family. {Polypet. Eypog.') 
See figs. 532, 533. Calyx having 4-5 segments, with an imbricated 
aestivation. Petals alternate with the divisions of the calyx, distinct, 
or cu|^|^g below into a spurious gamopetalous corolla, rarely want- 
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ing; BBStivation either contorted or valvate. Stamens equal in number 
to the petals, or twice or thrice as many (rarely fewer by abortion or 
non-development) (fig. 534), usually hypogynous, but in some in¬ 
stances perigynous. Between the stamens and ovary there is a more 
or less complete cup-shaped disk, which b either free or united to 
the calyx. Ovary sessile or suppoited on a gynophore (fig. 382), its 
carpels equal to the petals in number or fewer; ovules 2, rarely 4 or 
fewer in each carpel; styles adherent above (fig. 382) ; stigma simple 
or dilated. Fruit capsular, its parts either combined completely or 
partially; seeds solitary or in pairs, albuminous or exalbuminous; 
embryo with a superior radicle.—Trees or^ shrubs, with exstipulate, 
opposite, or alternate leaves, usually covered with pellucid resinous 
dots (figs. 87, 89), and hermaphrodite flowers. The order has been 
subdivided into two suborders:— 1. Euteaj, with albuminous seeds, 
and the fruit with sarcocarp and endocarp combined. 2. Diosmese, 
with exalbuminous seeds, and a 2-valved endocarp, which dehbces at 
the base, and when the fruit is ripe separates from a 2-valved sarcocarp. 
Kutem are found chiefly in the southern part of the temperate zone, 
as in the south of Europe, while Diosmese abound at the Cape of Good 
Hope, and in New Holland. Lindleymentions48genera,and400species. 
Examples —Ruta, Dictamnus, Diosma, Barosma, Corresi, Boronia. 

828. The plants are remarkable for their peculiar odour, which b 
very powerftfltand penetrating. Many have antispasmodic properties, 
whUe others are bitter, and act as febrifuges and tonics. The leaves 
and unripe fruit of Euta graveolens, common or garden Rue, are used 
in medicine as stimulants, antispasmodics, anthelmintics, and emmena- 
gogues. They emit when bruised a strong and peculiar oppressive 
odour, and have a bitter and acrid taste. By distillation with water, 
they yield a yellow acrid volatile oil, which is their active constituent. 
The leaves of various species of Barosma, especially B. crenata or 
crenulata, and serratifolia, are used in medicine under the name of 
Bucku or Buchu. They contain a yellowish volatile oil, having a 
powerful odour, and they have been used as stimulants and antispas¬ 
modics. They are prescribed in cases of irritation and catarrh of the 
bladder in the form of infusion and tincture. Galipea offidnaUs, a 
plant found in Columbian Guiana, supplies the Angustura bark, which 
is used as a tonic and febrifuge. It is probable that Galipea Cusparia, 
sometimes called Bonplandia trifoliata, also furnishes a variety of An¬ 
gustura bark. On the continent, Angustura bark is sometimes 
adulterated with the poisonous bark of Strychnos Nux vomica. Some 
of the species of Dictamnus, such as D. Fraxinella, False Dittany, 
abound in volatile oil to such a degree that the atmosphere around 
them becomes inflammable in hot, dry, and calm weather. The 
Correas are remarkable for their gamopetalous corolla. The leaves of 
some of the species have been used for tea in New Holland. 
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829. Order 57.—XaBtho*yiaceie or ZaBthaxj'iacetet the Xanthoxy- 
lon Family. (Pol§pet Hypog.) Flowers unisexual. Calyx in 3,4, or 5 
segments, with imbricated aestivation. Petals the same number, rarely 
0, usually larger than the calyx; ajstivation imbricated or convolute. 
Stamens as many or twice as many as the petals, not developed in the 
female flowers. Ovaiy consisting of as many carpels as there are petals 
(sometimes fewer), the carpels being either completely or partially 
united (fig. 380); ovules 2, rarely 4, in each c<arpel; styles more or 
less combined (fig. 380 s). Fruit baccate or membranous, sometimes 
of 2-5 cells, sometimes of several drupes, or 2 valved capsules, of 
which the fleshy sarcocarp is partly separable from the endocarp. 
Seeds solitary or in pairs, pendulous; embryo lying within fleshy al¬ 
bumen ; radicle superior; cotyledons ovate, flat.—Trees or shrubs, 
with exstipulate, alternate, or opposite leaves, having pellucid dots. 
They exist chiefly in the tropical parts of America. Lindley enume¬ 
rates 20 genera, including 110 species. Uu-a/ajoZes—Xanthoxylon, 
Toddalia. Ptelea. 

830. The plants yield a volatile oil, which is aromatic and pungent. 
Some are diaphoretic in their properties, others are febrifugal and 
tonic. The pungency of species of Xanthiixi/loTi has caused them 
sometimes to be denominated peppers. Xaathoxylon fraxineum, or 
prickly ash, acts as a sialagogue. A', ctirikriim has a bitter and febri¬ 
fugal bark. The bitter principle secreted by many oi the plants of 
this order is called Xantliopicrine. 

831. Order 58.-—sumarubaerH', the Quassia and Simaruba Family. 
{Polypet. Hypog.) Flowers usually hermaphrodite. Calyx in 4 or 5 
divisions; mstivation imbricated. Petals 4 or 5, spreading or connivent 
into a kind of tube ; asstivation twisted. Stamens twice as many a,s 
the petals; filaments arising from scales. Ovary 4-5-lobed, 4-5 celled, 
supported on a gynophore; ovules solitary ; style simple; stigma 
4-5-lobed. Fruit indebiscent, consisting of 4 or 5 drupes arranged 
round a common receptacle. Seeds anatropal, pendulous; embryo 
exalbnminous.—Trees or shrubs, with exstipulate, alternate, usually 
compound leaves without dots. They are found in the tropical parts 
of America, Asia, and Africa Lindley gives 10 genera, and 35 species. 
Examples —Simaruba, Quassia, Picrana. 

882. All the plants of the order are intensely bitter. Quassia wood 
•was originally the product of Quassia amara, a tall shrub, never above 
15 feet in height, inhabiting Surinam, Guiana, and Colombia. It is 
a very ornamental plant, and has remarkable pinnate leaves, with 
winged petioles. In their early state, the leaves seem to be simple, 
but in the progress of growth two or more contractions take place, at 
each of which two leaflets appear, the pairs being separated by a 
winged midrib,—a continuation of the petiole. This Surinam'Quassia 
does not appear to be exported now, and it is not met with in English 
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trade. A thriving specimen was recently sent to the Edinburgh Botanic 
Garden by Professor Syme. The Quassia of the shops is the wood of 
Sirmruba or Picrmna excelsa, a very large forest tree, attaining a 
height of nearly 100 feet, growing in Jamaica and other West Indian 
islands, where it is called Bitter Ash, and Bitter Wood. Quassia is 
used medicinally, in the form of infusion and tincture as a tonic and 
anthelmintic. It acts as a narcotic poison on flies and. other insects. 
Although prohibited by law, it is frequently employed by brewers as 
a substitute for hops. The bitterness of Quassia is said to be owing 
to a crystalline principle c.alled Quassin. The bark of the root of 
Simaruba amara or offtcmdis, a tree found in Cayenne and in the 
West Indies, is used as a bitter tonic and astringent, more especially 
in the advanced stages of diarrlKca and dysentery. Brucea antidysen- 
terica was at one time erroneously supposed to furnish false Angustura 
bark. It has properties similar to those of Quassia. Malombo bark 
is probably yielded by a species of Quassia. 

833. Order 51). —OcUnnctOT, the Ochna Family. {Polypet. Hypog.') 
Sepals 5, persistent, imbricated in jestivation. Petals equal to, or 
twice as many as the sepals, deciduous, spreading, imbricated in sesti- 
vation. Stamens 5, opposite the sepals, or 10, or indefinite; filaments 
persistent, attached to a hypogynous disk ; anthers bilocular, innate, 
opening by pores, or longitudinally. Carpels as many as the petals, 
seated on an enlarged gynobase (thecaphore); ovule erect or pendu¬ 
lous, styles united into one. Fruit gynobasic, consisting of several 
succulent, induhiscent, monospermous c.arpels. Seeds anatropal, usually 
exalbuminous; embryo straight; radicle short; cotyledons thick.— 
Undershrubs or trees, with alternate, simple, stipulate leaves, and 
pedicels articulated in the middle. They grow in tropical countries, 
and are remarkable for the large succulent prolongation of the recep¬ 
tacle to which the carpels are attached. They are generally bitter, 
and some of them are used as tonics. Bindley enumerates 6 genera, 
comprehending 82 species. Examples —Ochna, Gomphia, Castela. 

834. Order CO. —Corinriorew, the Cori.aria F^amily. {Polypet. 
Hypog.) Flowers unisexual. Calyx campanulate, 5-parted ; aestiva¬ 
tion imbricate. Petals alternate with the calycine segments, very small, 
fleshy, with a keel on the internal surface. Stamens 10 (fig. 537); 
filaments filiform, distinct; anthers dithecal, oblong. Ovary composed 
usually of 5 carpels, attached to a thickened receptacle or gynobase, 
5-celled; ovules solitary, pendulous; style 0; stigmas 5, long and 
glandular. Fruit, consisting of 5, monospermous, indehiscent ems- 
taceous carpels, enclosed by the enlarged petals. Seeds pendulous, 
anatropal, exslbuminous; embryo nearly straight; cotyledons fleshy; 
radicle short and blunt.—Shrubs with opposite square branches, oppo¬ 
site, simple, ribbed leaves, and scaly buds. They are found in small 
numbers in the south of Europe, South America, India, and New 
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Zealand. Some of them are poisonous. The leaves of Cormria myrti- 
fdUa have been employed to adulterate Alexandrian Senna on the 
continent. The leaves are known from those of true Senna by 
being 8-ribbed. The leaves are used for dyeing black, and an infusion 
of them gives a dark-blue with sulphate of iron. Genus 1; species 8. 
Example —Coriaria. 


Subclass II.—Cai.ycifi.obas. 

835. In this subclass are included the Polypetalous orders of 
Jussieu, in which the stamens are not hypogynous, as well as some 
monopotalous and diclinous orders. A calyx and corolla are present, 
in other words, the plants are Dichlamydeous; the petals are distinct 
or united, and the stamens are attached to the calyx,—being Perigy- 
nous or Epigynous. This subclass, along with Thalamiflora;, com¬ 
prises the Dialypetalae of Endlichcr. There is also incltAded in it the 
Gamopetalae in which the ovary is inferior. 

Section 1.—Polvpetai.a;. Petals separate, stamens Perigynous or 
Epigynous. 

836. Order 61. —SiacUhonsinrca!, the Stackhousia Family. {Poly- 
pttal. Feriyyn.) Calyx 5-cleft, equal, with an inflated tube. Pe¬ 
tals 5, equal, inserted at the top of the tube of the calyx, claws of 
the petals united, limb narrow and stellate. Stamens 6, unequal, 
attached to the tube of the calyx. Ovary superior, 3-5-celled, cells 
partially distinctovules solitary, erect; styles 3-5, sometimes united 
at the base; stigmas simple. Fruit consisting of 3-5 indehiscent 
pieces, which are sometimes winged, and are attached to a central 
persistent column. Seed%anatropal; embryo long, erect, in t,he axis 
of fleshy albumen.—Shrubs with simple, entire, alternate, stipulate, 
leaves, found in New Holland, and not possessing any marked proper¬ 
ties. Lindley notices 2 genera, and 10 species. Example —Stack¬ 
housia. 

837. Order 62.— Ceia»iracese, the Spindle-tree Family. {Polypei. 
Ferigyn.) Sepals 4-5, imbricated in sestivation. Petals 4-5, with a 
broad base, and an imbricated mstivation, rarely wanting. Stamens 
alternate with the petals; anthers erect. Disk large, flat, and expanded, 
surrounding the ovary to which it adheres. Ovary superior, 2-5- 
celled; ovules ascending, one or numerous, attached to the axis by a 
short funiculus. Fruit either a 2-5-cclled capsule, with loculicidal 
dehiscence, or drupaceous. Seeds one or many in each cftll, anatropal, 
usually ascending, and sometimes arillate (figs. 481, 482); albumen 
fleshy; embryo straight, with flat cotyledons and a short radicle.— 
Small trees or shrubs, with simple, alternate, rarely opposite leaves, 
and Bsaall deciduous stipules. They inhabit the warm parts of Europe, 
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North America, and Asia, and many are found at the Cape of Good 
Hope. The order contains 24 known genera, and 260 species. It 
has been divided into two tribes:—1. Euonymese, with capsular fruit, 
2. Eteodendrese, with drupaceous fruit. J^xamplen —Celastrus, Eu- 
onymus, Eteodendron. 

S.'tb. The plants of the order have sub.ncrid properties, and the 
seeds of some yield a useful oil. Those of Cetmtf'us mitana, or puniai 
latus, are said in India to he ol a stimulant nature, and to be used as a 
remedy in the disease called Beriberi. Some of the species of (7«- 
iastrus, as G. venemtus, are reckoned poisonous. The seeds of Ewny- 
mua. Spindle-tree, are surrounded by au aril, or rather arillode, which 
is considered as a prolongation from the exostome (figs. 481, 482). 
In some of the species the capsules are crimson, and with the bright 
scarlet arillodes, they present a very showy appearance when the fruit 
is ripe. The bark of Enoni/mus itngens lurnishes a yellow dye. It is 
used to mark the tika on the forehead of the Hindoos. It is also con¬ 
sidered useful ill diseases of the eye. The young shoots of Euonyvius 
europceus, when charred, are used to form a particular kind of draw¬ 
ing pencil; its fruit and inner bark are said to be purgative and emetic. 

839. Ordered.—siaphyleacen;, the Bladder-nut Family. (^Polyptt. 
Perigyn.) (Fig. 639.) Sejials 5, united at the base, coloured, imbri¬ 
cated in sestivation. Petals 5, alternate, with an imbricated aestivation. 
Stamens 6, alternate with the petals. Disk large and urceolate. 
Ovary 2-3-celled, superior : ovules usually ascending ; styles 2-3, 
cohering at the base. Fruit membranous or fleshy, indehiscent or 
opening internally, often partly abortive. Seeds anatropal, roundish, 
truncate at the hilum, with a bony testa; albumen generally 0 ; em¬ 
bryo straight, with thick cotyledons and a small inferior radicle.— 
Shrubs, with opposite, pinnate leaves, havBJg stipules and stipels (^f 
161). By many authors they are included under the last order. 
The plants are irregularly scattered over the globe, and are found in 
Europe, America, and Asia. Some of them appear to be subacrid, 
while others are bitter and astringent. The species of Staphylea 
receive the name of bladder-nut, on account of their inflated bladder- 
like pericarp. They are cultivated as handsome shrubs. Three 
known genera are enumerated, and 14 species. Example —Staphylea. 

840. Order 64.—Khamnacea;, the Buckthorn F^amily. {Polypet. 
Perigyn.) Calyx 4!-5-cleft, valvate in aestivation. Petals distinct, 
hooded or convolute, inserted into the throat of the calyx, sometimes 
0. Stamens definite, opposite the petals. Disk large, fleshy, flat or 
urMolate. Ovary superior or half superior, 2-3 or 4-celled; ovules 
solitary, erect, anatropal. Fruit fleshy and indehiscent, or dry and 
separating into three parts. Seeds erect; albumen fleshy, rarely 0; 
embryo about as long as the seed, with a short iuierior radicle, and 
large flat cotyledons.—Trees or shrubs, often spiny, with simple, alter- 
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nate, rarely opposite leaves, and minute stipules. Tliey are generally 
distributed over the globe, and are found both in temperate and tropi¬ 
cal regions. There are 42 genera, and 250 species enumerated. 
Eximples —Rhamnus, Ceanothus, Phylica, Pomaderris. 

841. Many of the plants of the order have active cathartic proper¬ 
ties. Some, however, yield edible fruit, and others are tonic and 
febrifugal. Rhammis eatharticus, common or purging Buckthorn, is a 
European shrub, tlie black succulent fruits or berries of which are 
u.sed a.s a hydragogue cathartic in cases of dropsy. The greenish 
juice becomes gradually red by the formation of acetic acid in it. It 
may be preserved unchanged in the form of syrup. When mixed 
with lime and evaporated to dryness, it forms the colour called sap- 
green. The fruit of Bhamnus Frangida , Black Alder, is emetic and 
purgative. The berries oi Bhamnus irifectorius, as well as those of other 
species, are known by the name of French berries. They have been 
used for dyeing yellow. The fruit of many species of Zizyphus is 
used for food; Zizyphus Jujuba supplies the truit called Jujube; and 
the Lotus, or Lote-bush of the classics, whence the Lotophagi were 
named, is Zizyphus Lotus. A kind of Scinde lac is found on Zizyphus 
Jujuba. Paiiui'vs aculeaiits, Christ’s-thorn, is common in the hedges 
of Judsea. Ceanothus Avuiicanus is used in America as an astringent, 
and Its leaves, under the name of New Jersey Tea, have been used 
as a substitute for tea. The leaves of Sageretut iheezans are used for 
the same purpose by the poorer classes in China. 

842. Order 65. —Anarardinccai, the Cashew-nut Family. (Polypet. 
Perigyn ) Flowers usually unisexual. Calyx usually small and per¬ 
sistent, with 5, or .sometimes 3-4-7 divisions. Petals equal in number 
to the calycine divisions, perigynous, sometimes 0; imbricated in 
aestivation. Stamens eit^r equal to the petals in number and alter¬ 
nate with them, or twice as many or more ; filaments distinct or 
cohering at the b.ise, ii.sually porigynons. Disk fleshy, annular or 
cup-shaped, sometimes inconspicuou.s. Ovary single, rarely 5 or 6, 
free or adhering to the calyx, 1 -celled ; ovnle solitary, attached by a 
funiculus to the bottom or along the side of the cell; styles 1-3, 
occasionally 4 ; stigmas 1-8 or 4. Fruit usually drupaceous and 
indehiscent. Seed ascending or frequently pendulous, from the ad¬ 
herence of the funiculus to tlie angle of the cell, exalbuminous ; 
radicle inferior or superior, sometimes curved suddenly back ; cotyle¬ 
dons thick, fleshy, or leafy.— I'rees or shrubs, with a resinous, often 
caustic juice, and alternate le.aves without dots. The order is a sub¬ 
division of the Terebinthacese of Jussieu. The plants inhabit chiefly 
the tropical parts of America, Africa, and India; some, however, aje 
found in Europe. The order is unknown in New Holland. There 
are 41 known genera, and 95 species. Examples —Anacardium, 
jlJhus, Mang^era, Spondias. 
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843. The order is characterized by the presence of an acrid resinous 
juice. In some cases, however, the fruit of the plants is edible. Many 
of them supply varnishes. Anacardium ocddentale furnishes the 
Cashew-nut, which is remarkable for its large succulent peduncle 
supporting the fruit or nut (fig. 227). The pericarp has the acrid 
properties which pervade the order, while the seed is eatable. The 
fleshy peduncle is acid and edible, and a bland gum exudes from the 
bark. Pistaeia vera is the Pistacia or Pistachio nut-tree, which 
extends from Syria to Bokhara and Caubul, and is cultivated in the 
south of Europe. It has green-coloured oily kernels, which are used 
as articles of diet. P. Terd/inthus is a native of the southern part of 
Europe, and the northern part of Africa, and yields a liquid resinous 
exudation, known as Chian turpentine. The turpentine receives its 
name on account of being collected in the island of Ohio or Soio, 
where the plant thrives. The tree attains a height of 30 or 36 feet, 
and one tree will yield ten ounces of the liquid resinous matter, which 
thickens on exposure to air, by the loss of volatile oil. Like other 
turpentines, it has diuretic and excitant properties. Pistacia Lentiscus, 
a native of the coasts and islands of the Mediterranean, furnishes the 
concrete resinous exudation called Mastiche or Mastic. It is a bush 
of about 10 or 12 feet in height, which is cultivated abundantly in 
the island of Chios. Mastic is used as a masticatory for consolidating 
the gums and cleansing the teeth. It has also been employed as an 
antispasmodic, and it enters into the composition of varnishes. Phus 
Toxicodendron, Poison-oak, is a shrub found in Canada and the 
United States, the leaves of which have been used as stimulants in 
cases of palsy. Like the other species of this genus, it yields an 
acrid milky juice, which becomes black on exposure to the air. Rhus 
radicans. Poison-ivy, or Poison-vine, is probably another name of the 
same species. Rhus venenata, Poison-sunSkch, or Poison-elder, has 
acrid, poisonous properties, and contact with it,*in some instances, 
gives rise to inflammation of the skin. Cases are related of persons 
who are peculiarly liable to be thus affected, and in whom the irritation 
caused by the juice of the poisonous species of Rhus is very great, 
and even alarming. Rhus ecynaria, R. typhina, i^nd R, glabra are used 
for tanning, and their fruit is acid. Rhus Gotinus is called Arhre d 
perruque in France, on account of the hairy appearance presented by 
its abortive pedicels. Many of the plants in this order furnish varnishes 
and marking ink. Semecarpus Anacardium, commonly called tlie 
M^kmg-nut tree, supplies the Sylhet varnish, while Melanorrhaa 
usitatissima furnishes that of Martaban. Stagmaria vertudjlua is the 
source of the hard black varnish called Japan Lacquer. The leaves 
of many of the species of Schimts, as S. Molle, when broken and 
thrown on the surface of water, send out a resinous matter with great 
force, so as to cause a sort of spontaneous motion by the reooih 
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Although a resinous principle pervades the plants of this order, yet 
in some cases it is not developed in the fruit, which becomes eatable. 
Of this an illustration is furnished by the Mango, the produce of 
Mangifera indica. The Hog-plums of the West Indies are furnished 
ty various species of Spondias, as S. purpurea and Momhin. 

■ 844. Order C6.—Amyridaceae. the Amyris Family. {Polypet. 

Perigyn.) Flowers usually bisexual, sometimes unisexual by abortion. 
Calyx persistent, regular or nearly so, with 2 to 5 divisions. Petals 
3-5, inserted at the base of the calyx; sestivation valvate or imbricated. 
Stamens twice or fiMr times as many as the petals, perigynous. Disk 
covering the base of the calyx often in a ring-like manner. Ovary 
superior, sessile, 1-5 celled ; ovules in pairs, anatropal, pendulous or 
suspended; style 1 or none; stigma simple or lobed, sometimes 
capitate. Fruit dry, 1-5-celled, indehiscent, or its epicarp splitting 
into valves. Seeds solitary, exalbuminons, with a superior radicle next 
the hilum, and cotyledons, which are fleshy or wrinkled.—Trees or 
shrubs, abounding in resin, with opposite or alternate compound leaves, 
which are frequently stipulate and dotted. They are natives of tropical 
regions. There are two suborders:—1. Amyrideac, with an unilocular 
ovary. 2. Burserete, with a 2-5-celled ovary. Some look upon the 
stamens of Amyridese as truly hypogynous, and consider the order as 
iillied to Aurantiacese. Bindley gives 22 genera, and 45 species. 
Examph ?—Amyris, Boswellia, Bursera, Balsamodendron. 

845. The plants yield a fragrant balsamic and resinous juice, which, 
in a dry state, is often used as frankincense, and is employed medici¬ 
nally as a stimulant or expectorant. The resinous substance called 
Elemi seems to be obtained from one of the plants of thb order. 
Linnseus referred it to Amyris elemifera, under which name several 
species seem to be included. Some authors think that Idea IcicarUxt 
furnishes elemi in Brazil, while Hoyle refers a Mexican kind to Ma- 
phrium elemifemm; and other varieties, according to Christison, are 
probably the produce of Canarium commune and balsamiferum. The 
resin contains a stimulant volatile oil. Boswellia serraia, a large In¬ 
dian tree, supplies the gum-resin called olibanum, or the true frankin¬ 
cense of the ancients, the naS of the Scriptures. It contains a vola¬ 
tile oil, and has been used as a stimulant, and as a material for fumi¬ 
gation. Balsamodendron (Protmm ?) Myrrha, a shrub growing in 
Abyssinia, appears to be the source of the officinal myrrh, the -no of the 
Bible. It IS a bitter aromatic gum-resin, containing volatile oil, and 
was used in ancient times as frankincense. It is a heating stimu¬ 
lant, and is employed medicinally as an emmenagogue and diaphoretic, 
as well as for arresting various mucous discharges. The resin called 
Bdellium is procured from various species of Balsamodendron, as B. 
qfricanum and Bodmrghii. The celebrated balsam called Balm of 
Gilead, is an exudation from Balsamodendron gileadense. Tacamabac 
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is procured from Elaphrium tomentosum. Various other balsams and 
resins are yielded by plants of this order. An^'is toxifera is said to 
be poisonous. 

846. Order-67.—Connaraceee, the Connarus Family. (Polypfl. 
Perigyn.) Flowers bisexual, rarely unisexual. Calyx 6-partite, regu¬ 
lar, persistent; aestivation imbricate or valvate. Petals 5, inserted at 
the base of the calyx. Stamens twice as many as the petals, inserted 
with them, and doubtfully hypogynous; filaments united at the base. 
Ovary consisting of one or more separate carpels, each having a ter¬ 
minal style, and a dilated stigma; ovules in pairs, collateral, ascending, 
orthotropal. Fruit follicular, dehiscing along the ventral suture. 
Seeds solitary or in pairs, erect, with or without albumen, sometimes 
arillate; embryo with a superior radicle, remote from the hilum, and 
cotyledons, which are either fleshy or leafy.—Trees or shrubs, with 
compound, alternate, exstipulate leaves, which are not dotted. Jfhey are 
tropical plants, and according to Endiicher are common in America. 
Home of them have febrifugal properties. Omphalohium Lwaherti is 
said to furnish Zebra-wood. 'I'liis order, us uell as the orders Ana- 
cardiaceas and Amyridaceaj, are by man}' considered truly hypogynous, 
and as belonging to Thalamifloraj. Liiidley includes them in his 
Kutal alliance He notices 5 genera, and 41 species. Examples — 
Connarus, Omphalobium, Cnestis. 

847. Order 68.—i.ritnm<uaH» (Fabacem of Lindley), the Pea and 
Bean Tribe. (Polypci. Perigyn). Calyx 5-partite, tootlied, or cleft 
(figs. 593, 594 c t), with tlie odd segment anterior (If 357); seg¬ 
ments often unequal and variously combined. Petals 5 (figs. 593, 
594), or by abortion, 4, 3, 2, 1, or 0, inserted into the base of the 
calyx, sometimes equal, but usually unequal, often papilionaceous, 
with the odd petal superior (fig. 594 e). Stamens definite or indefinite, 
usually perigynous, distinct, or monadelphous or diadelphous (tig. 
694 <), or rarely triadelphous; anthers bilocularf versatile. Oviu-y 
superior, 1-celled, consisting usually of a solitary carpel (fig. 594 o), 
sometimes of 2-5 ; ovules 1 or many; style simple, proceeding fi'om 
the upper or ventral suture; stigma simple (fig. 594 s). Fruit a 
legume (figs. 440, 469, 695), or a drupe. Seeds solitary or several 
(fig. 596), sometimes arillate, often curved (fig. 596); embryo usually 
exalbuminous, straight, or with the radicle bent upon the edges of the 
cotyledons (figs. 429, 516), which are either epigeal or hypogeal (f 
629) m germination (fig. 597), and leafy (Phyllolobae)' or fleshy 
(Saroolobm).—Herbaceous plants, shrubs, or trees, with alternate, 
usually compound leaves, having two stipules at the base of the petiole 
(fig. 193), and two at the base of each leaflet in the pinnate leaves. 
Pedicels usually articulated. The flowers are frequently papilionaoeotjs 
(fig. 292), and the fruit is commonly leguminous (figs. 460, 469, 470, 
471), and by the presence of one or other of these characters the order 
may be recognized. It is remarkable that one or other of these dis- 
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Unctions disappears in a great number of cases. Csesalpinie® ha'fc 
irregular flowers with spreading petals and stamens adhering to the 
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calyx; others have no petals at all, or some number less than five; 
while Mimosese have perfectly regular flowers and indefinite hypogy- 
nous stamens. Detarium and other plants of this family bear fruits 
not to be distinguished from a drupe. Leguminous plants and Rose- 
worts have so many features in common that it may be affirmed that 
no positive character has been discovered to distinguish the one order 
from the other, except the inferior position of the odd calycine lobe. 

848. The plants of the order are very generally distributed over the 
globe, but many genera are very limited in their range. De Candolle 
gives the following geographical distribution of the 3600 species known 
in his day:— 


Figni 593-597.—Organs of fructification of Lathynis oderatus, Sweet-pea, a papUionaceoua 
flower, showing tlie structuie of t!!e natural ovtlcr LoguTninobte 

Fig. 693.—Diagram of the flower, showing live divisions of the calyx, 6 petals, consisting of 2 
parts forming the carina, 2 a]«, and the vcxilluin, which is suiierior. 10 stamens in 2 rows, dla- 
delphous; ovary 1 -celled, formed hy a single carycl; one oi the ovules shown with Its ftmiculus 
attached to the vential suture. 

Fig. 694.—Longitudinal section of the flower of Lathynis odoratna e c, Calyx, with five seg- 
znenta e, Vexillom or standard, being the supei lor or posterior odd petal, a, One of the alae, 
or wtngSi. c, a, One-half of the cannu, or keel, t, 'Ibbc of the stamens, the filaments being united 
In two bundles, or diadelplioiia o, Ovary laid open, bliowing the ovules attached to tlie placenta, 
on the ventral or upper sutuie. s, Stigma, at the apex of the style, which is continuous with the 
ventr^ suture. 

Fig 695.—Fruit, a Legume or Pod, opening by two valves, and dehiscing bv the ventral and 
dorsal sutore. Seeds attached on each side of tlie ventral suture, curved upon themselves, having 
a marked hilum and funiculus (podosperm or uinbiiical cord). 

Fig. 69C.—A seed separated. Fnniculus. c, Clmlaza united to the ftmlculiui 07 the raphe 
m, Micropyle<?r foramen. 

Fig. 697.—*inbr>o, which occupies the entire seed after the spermoderm is removed, c, c, Two 
cofylcdoBli a^arated: they are fleshy and hypogcal, u. remain nnder ground during gennina- 
tlon. Ctemmule or plumule, r, Kadicle. 
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Equinoctial America.. . 605 

Barin of the Mediterranean. 4G8 

East Indies.462 

Cape of Good Hope. 353 

Levant. 260 

New Holland.229 

West Indies.221 

Enrope, excepting the Mediterranean.184 

Unit^ States.183 

Mexico.162 

Equinoctial Africa.130 

Siberia.129 

Arabia and Egypt. 87 

China, Japan, Cochin-China. 77 

Isles rf Southern Africa. 42 

South America, beyond the trojiks. 29 

Canaries. 21 

South Sea Islands. 13 


It is stiid that no native species occur in the islands of Tristan 
d’Acugna and St. Helena. 

The order has been divided into three suborders;—1. Papilionacese; 
papilionaceous flowers, petals imbricated in {estivation, and upper one 
exterior. This suborder is subdivided into the tribes Podalyrieae, 
Lotete, Viciea;, Hedysareas, Phascoleaa, Dalbergiea;, Sophoreae ■, accor¬ 
ding to the nature of the filainerits, whether free or variously united, 
the form and dehiscence of the legume, the cotyledons whether fleshy 
or leafy, and the simple or compound nature of the leaves. Examples 
—Podalyria, Lotus, Cytisus, Pisum, Iledysarum, Phaseolus, Dalbergia. 
2. CffisalpiniciB; flowers irregular, sub-papilionaceous, petals spread¬ 
ing, imbricated in aBstivatujii, upper oue interior. Eximipks — 
Haematoxykin, Catsalpirua, Ctissia, Swartzia, Ainherstia, Bauhinia, 
Copaifora, and Ceratonia. fl. Mimosem; flowers regular, petals val- 
vate in estivation. Examples —Parkia, Mimosa, Acacia. 

The number of known genera at the present day is about 530, 
including between 0000 and 7(>00 species. The following is the 
estimate of species in the different suborders and tribes, considered in 
reference to the flora of the globe amd the flora of Britain (Bentham 
and Henslow):— 


Suborders. 

fribca. 

Spenes. 

British specit^ 


^1. Podalyriete. 


. 0 


Ji. Lotea; wilh’i . 

.3000 . 

. 481 


Vicieae..../ . 


. 23/ 

1. PapilionaceA.• 


. fiOO 

4 


4. Pha3eolc*e. 


. 0 


a. UaU>€rgiea:. 

. 250 . 

. 0 


6. Sophoreai. 

. 60 . 

. 0 

2. CsesalpinieeQ.. 


700 

. 0 

8. Mimoseffi.. 


. 1000 .. 

. 0 
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849. This is a very extensive and a very important natural order. 
It embraces many valuable medicinal plants, such as those yielding 
Senna, Gum-arabic, Tragacanth, Catechu, and Kino; important dyes, 
as Indigo and Logwood; many valuable timber trees, as Locust-tree 
and Rosewood; plants furnishing nutritious food, such as the Bean 
and Pea. The properties of the order may be considered in general 
as wholesome, although it contains some poisonous plants. Lindley, 
however, says that the order must be considered upon the whole as 
poisonous, and that the plants used for food are exceptions to the 
general rule; the injurious juices of the order not being in such 
instances sufficiently concentrated to prove injurious, being replaced 
to a considerable extent by either sugar or starch. 

850. Suborder rapilionacece. I’he plants in this section have fre¬ 
quently beautiful showy flowers; for example, Robinia, Laburnum, 
Wistaria, Lvpinus, Glianthus, Erythrina, or Coral-flower, Hovea. They 
are often nutritious. The various kinds of Clover, Beans, Peas, and 
PuTse belong to it. The common red Clover is TrifoUum pratmse. 
White or Dutch Clover {T. repens) springs up frequently on ground 
recently cleared. The Shamrock is generally considered as a species 
of Tielbil. Various species of Medick and Lucerne (Medicago, fig. 471), 
ofSaintfoin (Onobrychis), and Melilot (Melilotus), are cultivated as food 
for cattle. Many are used for their medicinal qualities. Glyqjrrldza 
glabra, or Idquiritia officinalis, is the plant which yields liquorice-root. 
This plant is a native of the southern part of Europe, and it has been 
occasionally cultivated with success in Britain, especially at Pontefract 
in Yorkshire, and at Mitcham in Surrey. An extract is prepared from 
the root or underground stem by decoction in water, and subsequent 
inspissation. It owes its sweetness to a peculiar principle called 
Glycion, or Glycyrrhizin, which appears also to be present in the root 
and leaves of other papilionaceous plants, as Glycyrrhiza echinata and 
gkmdulifera. Trifolium alpinum, and Abrus prrecnlorius. Liquorice is 
used medicinally as a demulcent. A sweet secretion (a kind of Manna) 
is produced by Alhagi Maurorum. Astragalus verus, creficus, arisiatus, 
gummifer, and other species, yield an exudation known by the name 
of Gum Tragacanth. A» verus seems to be the chief source of the 
European tragacanth. It is a shrub found in Asia Minor and Persia, 
and the gum is procured by exudation or incision. Tragacanth forms 
with cold water a bulky jelly, while it is soluble in boiling water. It 
contains both Arabin and Bassorin in its composition, and is used as a 
demulcent. Myrospermum, or Myvoxylonperuiferum, yields the Balsam 
of Peru, while Myrospermum, or Mjp-oxylon toluiferum, is the source of 
the Balsam of Tolu. These balsams are procured chiefly by making 
incisions in the trees. They consist of resinous and oily matter, with 
cinnamic acid, and they are used as stimulant expectorants. Pterocarpus 
Marsupium, a tree of the Indian forests, furnishes the concrete exuda- 
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tioD called ffino. Butea frmdosa, or the Dhak tree of the East Indies, 
yields a similar product; it has bright orange-red petals, and a 
black calyx. -African Kino is procured from Pterocc^us erinacem. 
Kino is used as a powerful astringent, and is administered in the 
form of powder and tincture. Broom-tops, procured from Gytisus 
(Sarothamnus) Scoparius, are used as a diuretic. The hairs from the 
legumes of Mucuna pruriens in the West Indies, and of M. Prurita 
in the East, under the name of Cowhage, or Cowitch, have irritating 
properties, and, mixed with syrup, they are used in the treatment of 
intestinal worms. The leaves of Colutea arborescens, Bladder-Senn* 
(fig. 470), are purgative, and are used abroad to adulterate the 
obovate or blunt-pointed Senna. The leaves of Tephrosia apollinea 
are also purgative, and are occasionally mixed with Ale^ndrian 
Senna. The bark of Andira inermis, the Cabbage-tree of the West 
Indies, acts as a purgative and anthelmintic. The fruit of Geoffroya 
mperha, Umari, is much used by the inhabitants of Brazil on the 
banks of the Kio San Francisco; the iruit is a drupe. 

Besides the plants which have active medicinal qualitie.s, there are 
others which are valuable in commerce and the arts, as furnishing 
food, dyes, fibres, timber. Various species of Indigofera, as I. tinctona 
and cwnilea, furnish the Indigo of commerce. Pterocarptis santcdinus 
yields red Sandal-wood, which is used as a dye. P. Draco yields 
Gum-Dragon, and P. Dalbergioides is said to yield Andaman redwood, 
and to be valuable both as a dye and as timber. Paptisia tinctoria 
gives a blue dye, and is the wild Indigo of the United States. Dal- 
bergia Sissoo is an Indian forest tree, which is valued on account of its 
wood. Crotalaria juncea supplies fibres, which are known as Sun or 
Bengal Hemp. The fragrant seeds of Dipterioc odorata are known as 
Tonka-beans. A similar fragrance is given out by some species of 
Melilot, the flowers and seeds of which are employed to give the 
peculiar odour to Gruyere cheese. Arachis hypogwa produces its 
legumes under ground, and receives the name of under-ground Kidney- 
bean, or Ground-nut. Erylhrina monosperma yields Gum lac. The 
roots of Glydrs Apios, or Apios tuberosa, are used as an article of food 
in America. Eobinia pseudo-acacia is oftan cultivated in Britain as 
the Locust-tree. The tree attains in Engfand a height varying from 
forty-five to eighty feet, and sometimes has a diameter of three feet. 
Its wood is durable. According to Bertoloni, a kind of Ebony is the 
produce of Fomasinia ebenifera, a papilionaceous plant, found in 
Cafiraria, near Mozambique. Rosewood is said to be the timber of 
two or three species of Trioptolomea. It is rare to find papilionaceous 
plants produce double flowers. The Whin is one of the plants which 
exhibits this monstrosity. Deemodium or Hedysarum gyrans exhibits 
a remarkable irritability in its leaves (f 660). There are certain 
poisonous plants in this suborder. The seeds and bark of Cytisus 
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Laiwmwn are narcotic; such is said also to be the case with those 
of Lathyrus Cicera, and L. Aphaca. The roots of many species of 
Phaeeolus, as P. 'multiflorus, the Scarlet-runner, and P. radwtus, are 
poisonous. The branches and leaves of Tephrosia toxicaria, and the 
bark of the root of Pisddia erythrina, Jamaica Dogwood, are employed 
as fish poisons. Physostigma venenosrm yields the Calabar ordeal-bean. 
Gompholobium uncmaium has poisoned sheep in the Swan River colony. 
CoTonilla varia acts as a narcotic poison. The leaves of it and of 
Coronilla Emerus are sometimes used to adulterate Senna. 

, 851. Suborder Casalpiniecs. In this section there are many plants 
which furnish purgative remedies. Among these may be noticed 
various species of Cassia. C. lanceolata, acutifolta, elongata, obtiisata^ 
and obomta, supply the various kinds of Senna known as Alexandrian 
or Egyptian, Tripoli, and East Indian Senna. Other species also, as 
Cassia marilaridica, Ahsus, corymbosa,hiflora, tomentosa, alata, and Por- 
turegaJis, have purgative leaves. Cassia Fistula, called also Catharto- 
earpfis Fistula, has an indehiscent pod, divided by numerous transverse 
phragmata (fig. 395), and containing a laxative pulp, which is a secre¬ 
tion from the endocarp. A pulp having similar properties is procured 
from the pericarp of Tamardims indica, the Tamarind-tree. The pod 
of Ceratonia SiUqua is known as the Algaroba-bean, and is used occa¬ 
sionally for feeding horses. The tree is denominated Carob-tree, and 
sometimes Locust-tree, or St. John’s Uread, tfoni an erroneous idea 
that the pods supplied food to John the Baptist in the wilderness. 
The pods of Ilyineluvi Coiiihnril, the West Indian Locust-tree, supply 
a nutritious matter; its inner bark is anthelmintic, and the plant 
yields a kind of re.sin called Anime. The bark of Guilaiulma Bouduc, 
the Nicker-tree, i.s bitter, tonic, and its seeds are said to be emetic. 
The curved pods of Casalpinia coviuna, under the name of Divi- 
divi, are used for ttinmng. Cirsalpiiiia hrasiliemis yields the Brazil¬ 
wood of commerce, and the Mora-wood of Guiana is yielded by 
a large tree called Mora excelsa. Many dyes are furnished by the 
plants of this suborder ILematoxylon campechianum gives Logwood 
or Campeaeby-wood, which is employed both as a dye and as an 
astringent. The inner wood is the part employed both in the arts 
and officinally. The albuwium is of a yellowish colour, and is not 
imported. The red colouring principle is Hatmatoxylin. Ccesalpinia 
eohinala furnishes Pernam'buco-wood ; C. sappan, Sappan-wood, the 
Wukkum or Bukkum-wood of Scinde; Baphia nitida. Camwood. 
Various species of Copaifera, as C. Jacquinii, Langsdorffii, biguga, 
muUiguga, Martii, Guianensis, coriacea, &c., furnish the Balsam of 
• Copaiva, of which two kinds are distinguished—the West Indian and 
Brazilian. The balsam contains a resin and volatile oil. It is used 
in medicine as a stimulant, cathartic, and diuretic, and is especially 
ployed in the treatment of mucous inflammations. Cassia Chamm- 
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crista, marilandica, and nictUans, all exhibit, according to Bromfield, 
a high degree of irritability; the leaflets close together almost as soon 
as gathered, and even when rudely handled or brushed by the feet in 
walking through the herbage. 

852. Suborder Mimosece. The plants of this section yield Gum in 
large quantity, and their bark is frequently astringent. Aeada 
Ehretibergii, tortilis, Segal, arahica, vera, gummifera, Adcmsomi, Verek, 
albida, and various other species, yield the gummy substances known 
as Gum Arabic, Gum Senegal, Barbary Gum, and East Indian Gum. 
A kind of gum is procured at the Cape of Good Hope from Acacia 
Karroo, and in New Holland, A. decurrens yields another variety. A 
variety of Indian gum procured from A. arabica, is called Babul, or 
Babool-Gum; Babul-wood is used for tanning in Scinde. These 
gums are all more or less nutritive and demulcent, and are administered 
in the form of mucilage, emulsion, or lozenges. The Wattles of 
Australia are species of Acacia, which furnish astringent barks. An 
extract made from them has been imported for the purpose of tanning. 
The inner wood of Acacia Catechu, an Indian shrub, furnishes a kind 
of Catechu, or Cutch, which contains much tannin, and is used for tan¬ 
ning, and as a powerful astringent. Some of the New Holland Acacias 
are remarkable for the peculiar development of the petiole, which 
assumes the form of a phyllodiiim (fig. 188 p). The large seeds of 
Eutada scandens are sometimes carried by the winds and tides from 
the West Indies to the shores of the outer Hebrides. Acacia Segal is 
supposed to be tlie Shittah Tree of Scripture which furnished Shittira 
wood. A.formosa supplies the Cuba timber called Sabicu. Some of the 
plants m this suborder display peculiar irritability in their pinnate 
leaves. This is particularly the case with Mimosa sensitiva and pudica, 
which are commonly called sensitive plants 659). Almost all of 
the pinnate-leaved Leguminous plants close their leaves in a marked 
way during darkness. 

853. Order 69.—Moringaceie, the Moringa Family. (^Polypet, 
Perigyn.) Calyx 5-partite; mstivation slightly imbricated. Petals 5, 
rather unequal, upper one ascending. Stamens 8 or 10, perigynous; 
filaments slightly petaloid, callous, and hairy at the base; anthers 
simple, 1-celled, with a thick convex connective. Disk lining the 
tube of the calyx. Ovary superior, stipitate, 1-celled; ovules anatro- 

attached to pariet^ placentas; styR filiform; stigma simple. 
Fruit a pod-like capsule, 1-celled, 3-valved, opening by loculicidal 
deiiiscence. Seeds numerous, half buried in the spongy substance of 
the valves, sometimes winged,'exalhuminous; embryo with a superior, 
straight, small radicle, and fleshy cotyledons.—Trees, with bi- or tri- 
pinnate, stipulate leaves, natives of the East Indies and Arabia. Some 
of them are pungent and aromatic. The seeds of Moringa pierggo- 
sperma. Horse-radish tree, are winged, and are called Ben-nuts. From 
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them is procured a fluid oil, used by watchmakers, and called Oil of 
Ben. ’ The root is pungent and stimulant, and resembles Horse-radish 
in its taste. It is used as a stimulant in paralytic aflfections and in in¬ 
termittent fever. It is also a rubefacient. Bindley places this order 
in his Violal alliance. He mentions 1 genus, and 4 species. Example 
—Moringa. 

864. Order 70.—Roaace». the Eose Family. (Polypet. Perigyn.) 
(Figs. 226, 235, 236, 276, 289, 885, 598). Calyx 4-5-lobed (fig. 
599 c c), the fifth lobe superior. Petals as many as the divisions of 



the calyx, often 5 (fig. 599 p e), sometimes wanting, perigynous, 
generally regular; asstivation quincuncial (fig. 598). Stamens inserted 
with the petals (fig. 599 e), definite or indefinite; filaments incurved 
in aestivation; anthers bilocular (fig. 600) dehiscing longitudinally 


FifiS- 598-608.—Organs of fructification of Rubus stngosus, illustrating the natural order 

rig. 598.—Diagram of the dower, five diviRinns of the calyx, & qulncunclaJ petals, indcfimte 
parigynous stamens, end numerous sncculent cat pels. 

Fig. 699.—Tb« flower cut vcrticaUv. c <•, Cal> x pe, Petals, e, Stamens, rf. Disk, lining 
the base of the calyx, upon which the stamens are Inserted, pi. Pistil comiioacd of seuMTul 
catrels. 

Fig. 600.—Bilocular anther separated with the tippc.i^part of tlie filament, seen on the ontalde. 

Fig. 60L—Ovaiy, o, cut vertically, g, Exalbumiuous, suspended seed, s, Iwateral stylo. 

Fig 80S —Fruit /, Fleshy carpels accompanied with the iKiraistcnt calyx, c, connected with 
« hlch the withered filaments arc seen. 

Hg 603,—"V^^cal section of a carpel, s. Lateral Style, m, Fleshy rtiesocarp or sarcocarji. 
e, Endocaipi. jp^Seed. 

Fig. (»04.-^ipj5outal section of the exalbuminoussccd. t, Integument (spermoderrn). c, Coty. 
ledons of thirainbryo. 

Fig. 605.—Smbryo isolated. It fills the entire seed. 
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(fig. 322). Ovaries superior, either solitary or several, unilocular 
(fig. 601), sometimes uniting so as to form a many-celled pistil; 
ovules 1, 2, or more, anatropal, suspended (figs. 373 g, 601 g), rarely 
erect; styles lateral (figs. 400, 601, 603); stigmas Usually simple. 
Fruit either aohsenia (fig. 270) or drupes (figs. 373, 602), or follicles 
or pomes (fig. 472). Seeds erect or inverted, usually exalbuminous; 
embryo straight, vfith the radicle next the hilum (figs. 603, 605,) and 
leafy or fleshy cotyledons (figs. 501, 604).—Herbaceous plants, or 
shrubs, or trees, vfith simple or compound, alternate, stipulate leaves 
(fig. 191), and the flowers sometimes unisexual. They are found 
chiefly in the cold and temperate climates of the northern hemisphere. 
Some are found on high mountains within the tropics, and a few occur 
in warm regions. The superior odd lobe of the calyx distinguishes this 
order from Leguminosa* 

The order has been divided into the follotving suborders:—!. 
Chrysobalanese, petals and stamens more or less irregular; ovary 
stipitate, its stalk adhering on one side to the calyx, style basilar 
(fig. 401), fruit a 1-2-celled drupe. 2. Amygdalem (Drupace® of 
Lindley), tube of calyx lined with a disk, styles terminal, fruit a drupe 
(figs. 308, 371-373). 3. Spirmc®, calyx-tube herbaceous, lined with a 
disk, fruit consisting of numerous follicles, seeds apteroits. 4. Quillaie®, 
flowers unisexual, calyx-tube herbaceous, fruit capsular, seeds winged 
at the apex. 5. Sanguisorbe®, petals 0, tube of calyx thickened and 
indurated, lined with a disk, stamens definite, not solitary, enclosed in 
the calycine tube. 6. Potentille®, calyx-tube herbaceous, lined with 
a disk which sometimes becomes fleshy, fruit consisting of numerous 
ach®nia. 7. Rose®, calyx-tube contracted at the mouth, becoming 
fleshy, lined with a disk, and covering numerous hairy achania (figs. 
270, 289). 8. Pome® (Pomace® of Lindley), tube of calyx more or 
less globose, lined with a fleshy and juicy disk, fruit a 1-5-celled 
(fig. 472) or spuriously 10-celled pomum. There are 82 known 
;renera, and about 1000 species. Examples —Chrysobalanus, Amyg- 
dalus, Prunus, Spirma, Quillaia, Sanguisorba, Potentilla, Eubus, 
Fragaria, Rosa, Pyrus. 

855. Many of the plants of the order' yield edible fruits, such as 
Raspberries, Strawberries, Brambles, Plums, Apples, Pears, Quinces, 
Cherries, Almonds, Peaches, Nectarines, and Apricots. Some are 
astringent, others yield hydrocyanic acid. Those belonging to the 
suborder Chryeohalanea, are principally natives of the tropical parts 
of Africa and America. Many of them furnish edible fruits. The 
drupes of Chrysobalanus Icaco, are eaten in the West Indies under 
the name of Cocoa-plums. The root and bark are used as astrin¬ 
gents. 

The plants in the suborder Amygdalece, are chiefly remarkable on 
account of the presence of hydrocyanic acid in their kernels, leaves, 
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or flowers. Amygdalus communis, the Almond-tree, grows naturally 
in Barbary and in Asia, from Syria to Affghanistan. It is extensively 
cultivated in the south of Europe. There are tw.o varieties of the 
tree,—«. dulcis, yielding the sweet Almond, and /3. amara, yielding 
the bitter Almond. In the former, the style is much longer than the 
stamens, and there are glands on the base of the leaf; while in the 
latter, the style is equal m length to the stamens, and the glands are 
situated on the petioles. The chief kinds of sweet Almonds are the 
Valentia, the Italian, and the Jordan Almonds; the latter come from 
Malaga. Under the name of shell Almonds, they are often sold with 
the brittle endocarps on them. They consist chemically of a bland 
fixed oil, and a kind of vegetable albumen called Emulsin or Synap- 
tase. Bitter Almonds are imported from Mogadore. Besides a fixed 
oil and synaptase, they contain a bitter azotised principle called Amyg- 
dalin, which, when brought into contact with a solution of Emulsin, 
produces a volatile oil, containing hydrocyanic acid. This gives rise 
to the peculiar aroma of bitter Almonds, when mixed with water. 
Sweet Almonds are used medicinally, in the form of Emulsion, as de¬ 
mulcents. The hydrocyanated essential oil of bitter Almonds is sedative, 
and has been used as a substitute for Prussic acid. They sometimes 
produce derangement of the digestive functions, and give rise to nettle- 
rash. The leaves of Amygdalus persica (Persica vulgaris of some), the 
Peach, contain a similar oil, and have been employed as sedative and 
vermifuge. The flowers of the Peach exhale the odour of bitter 
Almonds. Peaches are divided into Freestone and Clingtsone, ac¬ 
cording as the pulp (sarcocarp) separates easily from the endocarp or 
adheres to it. The fruit of Prunus domestica, the Plum-tree and its 
varieties, when dried, constitute Prunes, which are used medicinally, 
on account of their nutritive and laxative qualities, Tlie leaves of 
Prunus or Cerasus Laurocerasus, Cherry Laurel, or common Bay Laurel, 
have been used medicinally, as anodyne and hypnotic remedies. The 
water distilled from them has poisonous properties, owing to the 
presence of a hydrocyanated oil, which seems to be developed in a 
similar manner as in the case of bitter Almonds. The oil exists in 
largest quantity in the young leaves. Prunus Lusitanica is the Por¬ 
tugal Laurel, which is extensively cultivated in Britain as an evergreen. 
The leaves of Prunus spinosa, the Sloe, have been used as a substitute 
for, as well as an adulteration of Tea. The fruit of a variety of Cerasus 
Avium, the Cherry, is used in the manufacture of Kirschenwasser. 
The kernel of Cerasus occidentals is used for flavouring Noyau. The 
flavour of Ratafia, Cherry-brandy, and Maraschino, is due to the 
kernels of Cerasus. 

The suborder Pomecs supplies many edible fruits, as Apples, Pears, 
Medlars (fig. 472), and Quinces. The seeds and occasionally the 
i and bark of some, yield hydrocyanic acid. AU the cultivated 
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varieties of Apple are derived by grafting from the native species, 
Pyrus Malua; while Pears have their origin in Pyrus communis. The 
seeds of Gydonia vulgaris (Pyrus Cydonia), the Quincy when boiled 
in water, yield a mucilaginous decoction, which has been used as a 
demulcent. Malic acid is found in some of the fruits of this suborder. 
Eriobolrya japonica yields the Loquat, a Japan fruit. 

The other suborders contain plants which are distinguished by 
astringent and tonic qualities. Geum urbanum and rivale (Avens) have 
been employed as tonics and astringents, as also the root of Potentilla 
Tormentilla (Tormentil). Brayera (nithdmuitica, Ousso or Kousso, 
an Abyssinian plant, has been used as a vennitbge in cases of Tmnia. 
The varieties of Scotch Roses are derived from Rosa spinosissima. The 
fi uit of Rom camna, the Dog-rose, which consists of the enlarged 
calyx and disk enclosing numerous aohaenia (fig. 270), is beat into a 
pulp with sugar, after the hairy achenes hav'c been removed, and used 
as an acidulous refrigerant and astringent The petals oi' Rosa gallica. 
Red, French, and Provins Rose, are omjjloyed in the form of infusion, 
as a tonic and slightly astringent remcd)’. The petals of Rosa centi- 
folia, the Hundred-leaved or Cabbage-rose (fig. 88), and its varieties, 
R. damascena, Damask-rose, R. uioschata, Musk-rose, &c., are em¬ 
ployed in the preparation of Rose-water, and of the oil or attar of 
Roses. It IS .stated by Dr. Christison, that 100,000 roses, the produce 
ot' 10,000 l)ushes of Rosa damascena, yield at Ghazeepore, near 
Benares, only 180 grains of attar. The tinest preparation of Rose 
as an odour is said to be prepared at Grasse in France. Oil of Roses 
is adulterated with sandal-wood oil. The bark of many species of 
QuiUoia, as (2. saponaria, is used as a substitute lor snap. 

856. Order 71. —Caiycanthaceie, the Calycanthus Fanrily. (Polypet. 
Perigyn.) Sepals and petals confounded, indefinite, combined in a 
fleshy tube; {estivation imbricated. Stamens oo, perigynous; anthers 
adnate, e.vtrorse, with longitudinal dehiscence. Ovaries several, 1- 
celled, adhering to the tube of the calyx; ovules solitary or two, one 
above the other, anatropal; stylo terminal. Fruit consisting of ach»- 
nia enclosed in the fleshy tube of the calyx. Seed exalbuminous; em¬ 
bryo straight; cotyledons convolute; radicle inferior.—Shrubs, with 
square stems, consisting of a central woody mass, with four smaller 
ones around (f 90); leaves opposite, simple, scabrous, exstipulate. 
They are natives of North America and Japan. Their flowers are 
aromatic; the bark of some is used as a carminative. Calycanthus 
floridus is called Carolina or common American Allspice. The order 
includes 2 genera, and 6 species. Examples —Calycanthus, Chimo- 
nanthus. 

857. Order 72.—i.Tthracesc, the Loosotrife Family. (Polypet. 
Perigyn). Calyx tubular, lobed, the lobes sometimes with intermediate 
lobes or teeth ; aestivation valvate. Petals alternate with the primary 
lobes of the calyx, very deciduous, sometimes 0. Stamens inserted 
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into the tube of the calyx a little below the petals, equal in number to 
them, or two, three, or four times as many; anthers adnate, dithecal, 
introrsti with longitudinal dehiscence. Ovary superior, 2-6-celled; 
ovules numerous, anatropal; style filiform; stigma usually capitate. 
Fruit a dehiscent membranous capsule, surrounded by the calyx, but 
not adherent to it, sometimes 1-celled by the obliteration of the dis¬ 
sepiments. Seeds numerous, small, apterous, or winged, exalbuminous, 
attached to a central placenta; embryo straight; cotyledons flat and 
foliaceous ; radicle next the hilum.—Herbs and shrubs, with branches 
which are usually tetragonal, and with opposite, rarely alternate, entire, 
exstipulate leaves without glands. They are natives of Europe, North 
and South America, and India. The order is divided into two sub¬ 
orders:—1. Lythrea;, with apterous (wingless) seeds. 2. Lager- 
strbmieoe, with winged seeds. Idndley gives 35 genera, including 300 
species. Examples —Lythrum, Cuphea, Lagerstromia. 

858. Many of the plants of the order are distinguished by astringent 
properties, and some are used for dyeing. Lythrum Salicaria, Purple 
Loosestrife, or Willowstrife, a European plant, found also in Australia, 
has been used in cases of diarrha-a, on account of the tannin in its 
composition. The flowers of (inslea lutncntosa are employed m 
India, mixed with Morinda, for dyeing, under the name of Dhaee. 
Heimia salicifoha is said to posse.<.s diaphoretic properties, and is 
considered by the Mexicans as a potent remedy for venereal diseases. 
The Henna, or Alhenna of the Arabs, which is used in Egypt for 
dyeing orange, is the product of Lawsonia inermis. The Cupheas 
are remarkable for the mode in which the placenta bursts through 
the ovary and floral envelopes, so as to expose the seeds. 

859. Order 73.—Bhi»ophoraof®, the Mangrove Family. (Polypet. 
Epigyn). Calyx adherent, 4-12-lobed ; a;.stivation valvate, or some¬ 
times calyptrifbrm. Petals arising from the calyx, alternate with the 
lobes, and equal to them in number. Stamens inserted with the 
petals, twice or thrice their number; filaments distinct, subulate; 
anthers erect. Ovary 2-3-4-celled ; ovules 2 or more in each cell, 
anatropal. Fruit indehiscent, adherent to the calyx, and crowned by 
it, unilocular, monospermous. Seed solitary, pendulous, exalbumi¬ 
nous ; cotyledons flat; radicle long, piercing the fruit.—Trees or 
shrubs, with simple opposite leaves, and deciduous interpetiolary 
stipules. They are found on the muddy shores of the tropics. 
There are 5 genera, and 20 siiecies known. Examples —Rhizophora, 
Kandelia. 

860. The plants of the order have frequently an astringent bark, 
which is in some cases used for dyeing black. PJiizophora Mangle, the 
Mangrove, forms thickets at the muddy mouths of rivers in tropical 
countries, and sends out adventitious roots which often raise the main 
trunk much above its original level, and give the tree the appearance 
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of being supported upon stalks. The fruit is sweet and eatable. The 
embryo germinates before the fruit falls, and the radicle is much 
elongated before the seed drops into the mud. The anther consists 
of numerous cells containing pollen. 

861. Order 74.—vochrsinceie, the Voohysia Family. {Polypet 
Perigyn.) Sepals 4-5, united at the base, unequal, the upper one 
largest and spurred; mstivation imbricated. Petals 1, 2, 8, or 5, 
alternate with the divisions of the calyx, and inserted into its base, 
unequal. Stamens 1-5, opposite to, or alternate with the petals, 
perigynous, one having an ovate, fertile, 4-oelIed anther, the rest 
being sterile. Ovary free, or partially adherent to the calyx, 3-celled; 
ovules solitary or in pairs, rarely numerous, amphitropal or anatropal; 
style and stigma one. Fruit a triquetrous, 3-celled and 3-valved 
capsule, usually with loculicidal dehiscence. Seeds usually 1-2 in each 
cell, erect, exalbuininous, attached to a central placenta; embryo 
straight; cotyledons large and leafy; radicle short and superior — 
Trees or shrubs, with ojiposite, entire, stipulate leaves. They inhabit, 
the warmer parts of America. Their properties are little known. 
Their flowers are reputed to be very sweet, and some are said to have 
a resinous juice. There are 8 genera enumerated, including 51 species. 
Examples —Vochysia, Qualea. 

862. Order 75. —C'«nibreinc«!te, the Myrob.'ilan Family. (Polypet. 
Epigyn.) Calyx 4-5-lobed, lobes deciduous. Petals arising from the 
orifice of the calyx, alternate with the lobes, or wanting. Stqmens 
epigynous, twice as many as the lobes of the calyx, rarely equal in 
number, or thrice as many; filaments distinct, subulate; anthers di- 
thecal, dehiscing longitudinally or by recurved valves. Ovary adherent 
to the tube of the calyx, unilocular; ovules 2-4, pendulous; style 1; 
stigma simple. Fruit succulent or nul-hke, inferior, unilocular, inde- 
hiscent, oft^n winged. Seed solitary, pendulous, exalbuminons: 
cotyledons leafy, usually convolute, sometimes plicate ; radicle turned 
towards the hilum.—Trees or shrubs, with alternate or opposite exsti- 
pulate, entire leaves. 'I’hey are natives of the tropical regions of Asia, 
Afi’ica, and America. The general property of the order is astringency. 
Many are used for tanning, and some for dyeing. 'The fruit of Ter- 
min^ia Delerica, and of T. Chebula, under the name of Myrobalans, 
is used as an astringent. The seeds of Terminalia Catappa are eaten 
like almonds. The order has been divided into three suborders:— 
1. Terminaliete, petals 0, cotyledons convolute. 2. Corabretese, petals 
present, cotyledons plicate. 8. Gyrocarpe®, petals 0, cotyledons con¬ 
volute, anthers dehiscing by recurved valves. There arc 22 genera 
enumerated by Lindley, including 200 species. Examples —Termi¬ 
nalia, Combretum, Gyrocarpus. 

863. Order 76.—nciantamacefe, the Melastoma Family. {Polypet. 
Perig. or Epigyn.) Calyx with 4, 5, or 6 divisions, which are more 
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or less deep, or are sometimes united and separate fifom the tube like a 
lid. Petals equal to the segments of the calyx, perigynous, wstiration 
twisted. Stamens equal in number to the petals and alternate with 
them, usually with intermediate sterile ones ; filanaents curved down¬ 
wards in the young state; anthers long, often beaked, bilocular, 
dehiscing by two terminal pores or longitudinally. Ovary more or 
less adherent to the calyxy multilocular; ovules usually 00; style 1; 
stigma simple, either capitate or minute. Fruit multilocular, either 
capsular, with loculicidal dehiscence, or succulent, combined with the 
calyx and indehiscent. Seeds oo, minute, attached to central pla¬ 
centas, exalburainous; embryo straight or curved; cotyledon*some¬ 
times unequal, flat, or convolute.—Trees, shrubs, or herbs, with 
opposite, undivided, usually entire, often 3-9-ribbed leaves, not dotted. 
Tliey are found chiefly in warm climates. Many are natives of 
America and India. There are no unwholesome plants in the order, 
and the succulent fruit of several is edible. A slight degree of astrin- 
gency pervades all the plants of the order, and hence some are used 
medicinally in cases of diarrhma. The name Melastoma (fiiTia;, black, 
and tTTOftx, mouth), is derived from the circumstance that the ixuit of 
some dyes the lips black. There are two suborders;—1. Melastomeae, 
with ribbed leaves and flat cotyledons. 2. Memecyleie, with ribless 
leaves and convolute cotyledons. Lindley notices 118 genera, com¬ 
prising 1200 species. Examples —Melastoma, Osbeckia, Lasiandra, 
Bhexia, Lavoisiera, Miconia, Charianthus, Jlemecylon, Mouriria. 

864. Order 77.—^Aiangiaccje, the Alangium Family. {^Polypet. 
Epigyn.) Calyx campanulate, adherent, 5-10-toothed. PetMs 5-10, 
linear, reflexed, inserted into a fleshy disk, which is adherent to the 
calyx, and ovary; sestivation twisted. Stamens long, exserted, 2 or 4 
times as many as the petals; filaments distinct, villous at the base; 
anthers bilocular, adnate, introrse, often sterile. Ovary ^obose, uni- 
bilocular ; ovules solitary, anatropal; style filiform; stigma capitate 
or conical. Fruit .oval, fleshy, coherent with the tube of the calyx, 
and somewhat crowned by its limb, slightly ribbed; endocarp some¬ 
times osseous, with a foramen at the apex. Seed solitary, anatropal; 
albumen fleshy, brittle; embryo straight; cotyledons flat, foliaceous; 
radicle long, superior.—Trees or shrubs, with alternate, exstipulate 
leaves, which are not dotted. They are found chiefly in India, some 
are natives of America; some of the plants yield edible fruits, others 
are purgative. Lindley enumerates 3 genera, comprehending 8 species. 
Examples —Alangium, Nyssa. 

865. Order 78.—Phiiadeiphacew, the Syringa Family. (^Polypet. 
Epigyn.') Calyx with a 4-10-divided, persistent limb. Petals alter¬ 
nate with the divisions of the calyx, and equal to them in number; 
lestivation convolute, imbricate. Stamens oo (rarely 10), in one or 
two hSJIss, arising from the orifice of the calyx. Ovary adherent to 
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tlie tube of tbe calyx; styles distinct, or united into one; stigmas 4-10; 
ovules 00 , attached to a central placenta. Fruit a 4-10-celled cap¬ 
sule, free above. Seeds oc, scobiform, subulate, smooth, pendulous, 
with a loose membranous arillus; albumen fleshy; embryo straight, 
about as long as the albumen; cotyledons flat; radicle next the hilum, 
obtuse.—Shrubs with deciduous, opposite, exstipulate leaves without 
dots; flowers usually in trichotomous cymes. They are natives of 
the South of Europe, of North America, Japan, and India They have 
no marked properties. The flowers of PhUadelphus corotiarius, Syrin^a, 
have a peculiar sweetish odour, which to some persons is overpowering 
and disagreeable. The smell is due to the presence of an oil. Deutzia 
scabra has a scurfy matter on its Icitves, which, under the microscope, 
is seen to consist of beautiful stellate hairs. The leaves are in con¬ 
sequence used in Japan by polishers. Its inner bark is used for 
poultices. There are 3 genera enumerated, including 25 species. 
Examples —Philadelphus, Deutzia, Decumaria. 

866. Order 79.—.tiynac**, the Myrtle Family. (Polypet. Epigyn.) 
Calyx 4-5-6-8-cleft, the limb sometimes cohering at the apex, and 
falling off like a lid; asstivation valvate. Petals attached to the calyx, 
alternating with its segments, and ev|ual to them in number, wdth a 
quincuncial ajstivation, rarely 0. Stamens inserted with the petals, 
twice as many as the petals, or oc; filaments distinct, or united in one 
or more parcels, curved inwards m the bud; anthers ovate, dithecal, 
with longitudinal dehistJence. Ovary adherent to the tube of the 
calyx, 1-6-celk'd; style and stigma simple; ovules anatropal, pendu¬ 
lous or erect. Fruit dry or flc.shy, dehiscent or indcdiiscent. Seeds 
usually 00 , attached to a central placenta; mostly oxalburainous; em¬ 
bryo straight or curved; cotyledons distinct (fig. 514), or consolidated 
with the radicle, which is next the hilum.—Trees or shrubs, with 
opposite, rarely alternate le.'ives, which are usually entire and dotted, 
and freqmfntly have an intramarginal vein. They are natives chiefly 
of wiuin countries, as South America and the- East Indies. Many, 
however, arc found in more temperate regions. Some of the genera 
are peculiar to Australia. The order has been divided into the 
following suborders;—1. Chamselauciea?, heath-like plants with a 1- 
ceUed ovary and capsule, and opposite dotted leaves. 2. Leptosper- 
meaj, having a multilocular capsule, and opposite or alternate, usually 
dotted leaves. 3. Myrteae, having a baccate fruit, distinct stamens, 
opposite dotted leaves. 4. Barringtonieaj, having a fleshy 1-celled 
fruit, monadelphous stamens, alliuniinous seeds, ojiposite or verticillate 
leaves, not dotted. 5. Lecythidese, having a multilocular w-oody cap¬ 
sule, which either remains closed or opens by a lid, monadelphous 
stamens, alternate, not dotted leaves. Several of these suborders are 
made separate orders by Lindley and others. There are 77 known 
genera, and upwards of 1400 species. Aaawipte—Chamtelaucium, 
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Calytrix, Leptosperrnum, Melaleuca, Metrosideros, Eucalyptus, Myrtus, 
Psidium, Eugenia, Caryophyllas, Barringtonia, Gustavia, Leeythis, 
Bertholletia. 

867. Many of the plants of the order yield an aromatic volatile oil 
This is particularly the case with those having pellucid dots in their 
leaves. Many yield edible fruits, others furnish astringent and saccha¬ 
rine substances. The leaves of some species of Leptospermum and 
Melaleura are used as tea in Australia. The leaves of Melaleuca minor 
(Cc^upiiti of some), a native of the Moluccas, yield the volatile oil of 
Cajeput. It is a very liquid oil, of a grass-green colour, having a 
pungent camphoraceous odour, and capable of dissolving caoutchouc. 
It is used medicinally as a stimulhnt and antispasmodic. Species of 
Eucalyptus constitute the gigantic gum-trees of Australia, some of 
which attain a height of two hundred feet. They are remarkable for 
their opereulate calyx, which may be considered as formed by several 
jointed leaves (like those of the orange), united throughout, and separ¬ 
ating at the articulation in the form of a hd 366). Their bark also 
separates remarkably in layers. They yield an astringent matter, 
which ha.s been used for tanning. Eucalyptus resinifera, lirowu (fum- 
tree of Now Holland, fiirinslies Botany-Bay Kino, an astringent 
resinous-like .substance, which exudes in the luriii of red juice from 
incisions in the bark, single tree will yield sixty gallons. E. 
iiianuifera gives a saccharine exudation resembling mamia. A sac¬ 
charine substance, mixed with cellular hair3,*which ai 'se Irom a ciip- 
hke body, has been sent to this country by Mr. Cay, leuiid upon the 
leaves of E. dumosa. It is calhsl Luqi by the natives, and is pro- 
ilnccd bv the attack of a spi-cics nj insect belonging to the genus Psylla 
I'ho wood of many species of Metrosideros is hard and dark-coloured. 
The liower-buds of (.'aryophi/llus aromaticus {Eugenia caryophi/llata), 
a tree which was originally a native of the Moluccas, but is now 
cultivated in llie E.ist and West Iiidie.s, constitute the Olovbs of com- 
iiieree. They h.ave the form of a nail, and, when e.xamiued, are seen 
to cnnsi.st of the tubular calyx with aiouiidisli projection formed by 
the unopened petals. They oonl.iiii a volatile oil, associated with 
resinous, iTumiiiy, and astimgent matter. The oil is aromatic and 
.acrid, and h.is been u-t'd as a coudument and a stimulant canuiiiative. 
I’irneiuo, Allsinee, or Jamaica Pepper, is the berried fruit of Eugenia 
Pitnenta (Myrtus Ptiiifiila), a tree which is a native of the AVest Indies 
and Me.xico 'I’he fi nil hivs an aromatic odour, and its taste combines 
tliat of cinnamon, nutmeg, and cloves, hence the mime Allspice. It 
contains an acrid volatile ml, to which its properties arc due. Medici¬ 
nally Pimento us .smiietiiues employed as a stimulant and carminative. 
The fruit of Ewjona aens is used for Pimento. Among the pulpy 

lible fruits of the ordei m.ry be noticed Guavas and Rose-apples. 

tie former are the produce of various species of Psidium, such as P. 
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pyriftruni, pomifctvm, and CattUyanum; the latter are procured from 
specie of Eugenia f as E. Jamboe, and Malaccensis. The berries of the 
common Myrtle (Myrtus communis) arc also used as food. Punica 
Oranatum, the Pomegranate-tree, is a native of the warmer parts of 
Asia and Northern Africa, whence it was introduced into Europe. It is 
the hen of Scripture. It produces dark scarlet flowers, formerly called 
Balaustia, which have been used as an a.stringent The fruit of the 
Pomegranate has given rise to much dillerence of opinion among 
botanists. It is composed, in the young state, of two rows of carpels, 
some of which are placed round the axis, and adhering to the bottom 
of the calycine tube, while others are placed outside, and adhere to 
the upper part of the tube The subsequent contraction of the tube 
of the calyx, and the peculiar adlicsion of the placentas, according to 
Lindley, account for the anomaly in the fruit (Ilalausta, ^ 550). The 
rind of the fruit (nialicorium), and the bark of the root, are used as 
anthelmintics, especially in cases of tape-worm. J^ecylhu! ollaria, a 
large Brazilian tree, yields the woody cajisulcs called Monkey-pots, 
which open by circumscissile dehiscence. These seed-vessels seem to 
he formed in the same way as the calyx of Eucalyptus, the part where 
the lid separates indicating the articulations of the carpcllary loaves. 
The seeds are eatable, and are relished by monkeys. The bark of the 
tree may be separated into numerous thin layers. Berthollctia excelm 
is the source of the Brazil nuts. 

868. Order 80.—Onajmcrir. the Isvening-Primrose Family. {Poly¬ 
pet. Epigyn.) Caly.x tubular, the limb having usually 4 (fig. 899 1), 
sometimes H, 3, or 6 divisions (6g. 581), which cohere in various 
ways; aestivation v.alv'ate. Petals usually equal in nnraber to the 
calycine segments, regular (rarely irregular), inserted into the tube of 
the calyx (fig. 399 p) ; jcstivation twisted. Stamens usually 4 or 8 
(rarely 1 or 2, fig. 631), epigynous (fig. 399 c), filaments distinct; 
pollen triangular, usually cohering by threads. Ovaiy 2-4-celled 
(figs. 384, 631), adherent (fig. .89!) o), usually with ;in epigynous 
disk; style filiform ; stigma capitate (fig. 399 s) or 4-lobcd ; ovules 
(figs. 884 o, 399 g) indefinite, rarely definite, anatropal. Fruit succu¬ 
lent or capsular, dehiscent or indehi^cent, l-2-4-c<'lled. Seeds usually 
CO, exalbuminous; embryo straight, with a long slender radicle point¬ 
ing to the hilum, and short cotyledons.—Heihs or sliruhs, with alter¬ 
nate or opposite, simple, not dotted loaves, and with the jfarts of tiie 
flower usually tetramerous. Tliey inhabit chiefly temperate rcgi<ms, 
and are found abundantly in Europe, Asia, and Amenc.a, and sparingly 
in Africa. Some yield edible fruits, as Fuchia, others furnish edible 
roots, as (Enothera biennis. Many of them have mucil.agiiious pioper- 
ties, while a few are astringent. Trapa has unequal cotyledons. T. 
nutans, Water Chestnut, and T. bicornis, reinarkahie for its horned 
ti-uit, both supply edible seeds. There are about 30 known genera. 
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and upwards of 450 species. Examplet —(Enothera, Epilobium, 
Jussi^a, Montinia, Fuchsia, Circjea, Gaura, Trapa. 

869. Order 81.—Hai«rageaceB!, the Mare’s-Tail Family. {Polypet. 
Epigyn,) Calyx with a minute limb, which is either S-4-divided or 
entire; it is sometimes reduced to a mere rim. Petals epigynous or 
0. Stamens epigynous, equal in number to the petals, or twice as 
many, rarely fewer; when the petals are wanting, stamens often 1 or 
2. Ovary cohering with the tube of the calyx, with 1 or more cells, 
sometimes tetragonal or compressed. Style 0, what is frequently called 
the styles being the papulose stigmas, which are equal in number to 
the cells; ovules pendulous, anatropal. Fruit dry, indehiscent, mem¬ 
branous or bony, with 1 or more cells. Seed solitary or in pairs, 
pendulous; albumen lle^hy or thin; embryo straight, or slightly 
curved, in the axis of the albumen; cotyledons minute; radicle superior, 
long.—Herbs or under.shrubs, often acpiatic, with large air cavities, 
having alternati>, op[iosite, or whorled leaves, and axillary, sessile 
flowers, which are occ.asionally unisexual. 'J’hey are found in ditches 
and lakes in various parts ol the world. They have no properties of 
importance. There are H known genera, and tibout 70 species. Ex- 
amplcs —llippuris, Myriophyllum, llaloragis, Ctdlitriche. 

870. Order 82 .—i-oo-ik-co-. the Chili-Mettle Family. {Polypet. 
Epigyn). Calyx 4-.l-parted, per.sistent, spreading in aistivation 
Petals t), cucullate, epigynous, jillernate with the segments of the calyx, 
sometimes with an inner row of .5, which are either similar to the outer 
or dissimihar ; mstivation iiillexed, valvatc, or twisted. Stamens oc, in 
several rows, distinct, or polyadelphous, each parcel being opposite the 
outer petals; filaments subulate, unequal, the outer ones often sterile. 
Ovary inferior, 1-celled, with parietal placentas; ovules .anatropal; 
styles combined into 1 ; stigma 1 or several. Fruit capsular or suc¬ 
culent, 1-celled. Seeds without an arillus; embryo straight, in the 
axis of fleshy albumen ; cotyledons small, flat; embryo pointing to the 
hiluro.—Herbaceous plants, hispid with stinging hairs, having oppo¬ 
site or alternate exstipulafe leaves, and axillary 1-flowered peduncles. 
They are American plants chielly distinguished for their stinging 
qualities, and hence the name of Chih-Nettle. The roots of Mentzelia 
hvpuld, a Mexican heib, are said to possess purgative qualities. 'Iheie 
are J5 genera enuraeratod by Lindley, including 70 species. Ex- 
amples —Loaso, Mentzelia, Gronovia. 

871. Order 8,'l.—Auriubiinrra, the Cucumber Family. (Polypet. or 
Monopet. Epigyn and Diolini’n.) Caly.x 5-toothed (tigs. 3961, 606 c), 
sometimes obsolete. Petals 5, di.stiuct, or more or less united, some¬ 
times scai'cely distingui'-hable from the calyx, strongly maiked with 
retrotilated veins (figs oltt! p. 606 p). sometimes fringed. Stamens 5, 
distinct or united in one or three parcels, attached to the petals (fig, 
606 e); anthers bilocular, sinuous (tigs. 332, 607, a ); ovary (figs. 
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396 0 ,608 c o) adhering to the tube of the calyx, 1-celled, formed by 
3 carpels, and having 3 parietal placentas (fig. 609), which sometimes 
project so as to join in the centre, the ovules remaining attached to 
the curved firee edges ;*ovule8 solitary or indefinite (fig. 609), anatro- 
pal; styles short; stigmas very thick, velvety or fringed (fig. 608 $). 



Fruit a pK'i'O 1). Seeds (l.it and ovale (fig 610), enveloped in a 
juicy or dry and membr.inuus covering; testa coriaceous; allminen 0; 
embryo straight (figs, 010 c, Oil); cotyledons leafy and veined ; radicle 
next the hilurn.—Herbaceous plants, with succulent stem.?, climbing 
hy means of lateral tendrils, which are transformed .stipules; loaves al¬ 
ternate and palmate, covered with asperities; ilowors generally unisex¬ 
ual. They are natives of warm climates chielly, and abound in India. 
A few are found to the north in Europe and North America, and 
several are natives of the Cape of Good Hope. Those which are 
annuals readily submit to the chuiate of northern latitudes during the 

fiffs I —OrpAns rvffructifitatioii of CtirnrbiljrcT 

Up 606—Male liowti of Ciuuiin<j CoriiiiMH Cue iimlif'r, laiiJ opt*!! t<'Rhnw The Interior 

of iL c, idvd cahVinled petals, b> s'mhc cuii'-i'lcrcd aa being an Intcinul colouiwl 
calj^i <, ^pigynous sUinens 

Hg fti7 —St in“ r** >> .1 .1 /, Ft'amenL a. I>tng ilrHions aiifber 

Ftg «.•<t‘ ‘w*’. ■ Calyi »dljcrcntu> tbe ovaiy ?/, Lnlted petala. «, Thick vel- 

Tetj stjpnm, 

tig (itt? —Horizontal socUon of ilip ovary, showing its division Into three, by projections from 
tlip partolal placenta*, to which tlif indthnlto o\ ules are atta'diod. 

Fig. 610.—Anatrop*) seed cut \erticalli, f, SjM'nnodtrtn swollen at tlic clialaza, c. e, Embryo* 

Hg 611 —Embrjo se^'orated r, Katiftk c, Coiylodoiis. 
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summer, and thus though of tropical origin, they grow well in 
European gardens. There are nearly 60 known genera, and about 
300 species. Examples —Cucurbita, Cucumis, Momordica, Bryonia, 
Telfairia. * 

872. A certain degree of acridity pervades the order, and many of 
the plants are drastic purgatives. In some cases, however, more 
especially under cultivation, the fruits are eatable. Instances of edible 
fruits are seen in the case of the Melon, Cucumber, Gourd, Pumpkin, 
Squash, and Vegetable Marrow. The genus Cucumis contains the 
Melon and Cucumber, with edible fruits, and the Colocynth with pur¬ 
gative fruit. Much discussion has taken place in regard to the struc¬ 
ture of the fruit in this genus, and in Cucurbitacea; in general. Some 
have considered it an anomaly in vegetable structure, from the ap¬ 
parent formation of the placenta and ventral suture, externally, as if 
the usual position of the carpels were reversed. It would a[)pear, 
however, as shown by Lindley, that the jtlaccntas follow the ordinary 
law. They are parietal, and curve in a peculiar way, bearing the 
seeds on their curvature; at the same time prolongations are sent in¬ 
wards, which often meet in the centre. Stocks and others consider 
the carpels as being involute, and they trace this involutiou particu¬ 
larly in Luffa pentandra. Cucumis Coloojntliis, or Citndlus Colocyn- 
Uiis, yields a globular fruit called Coloquintida, or Bitter Apple, tlie 
pulp of which constitutes the medicinal Colocynth. It is imported 
from the Levant and the coasts of the Mediterranean. It is used in 
the form of powder and extract as an irritant cathartic. Tlie plant is 
supposed to be the nrrC) or Wild Gourd of Scripture. Momordica 
Elaterium or Echulhim agrcste, the Wild or Squirting Cucumber, is 
so called on account of the force with which its seeds are expelled 
when ripe. The fruit, Ity a process of endosmose going on in the cells, 
becomes distended, and ultimately gives way at the weakest part, 
where the peduncle is united to it. In separating from tlie stalk, the 
elasticity of the patiotes comes into play, so as to discharge the brown 
seeds and slimy juice through tlie aperture at the base of the fruit. 
The feculence which subsides from the juice constitutes the medicinal 
"EAatet'wvm, vj\v\c,\\ \9 used \u smaW doses of ^^ a grain, as a violent 
ca\)naTUc., in dvopsioad cases. The active principle is Elaterin. 

The. veeVs ol Ilnjorua alba and dxoica are also poweThh purgatives. 
The feud, oi various species oi Gourd, as Cucurbita Pepo, the White 
Gourd, and C. Tiiaccimo the Hed Gourd, C. ovi/era, the Vegetalile 
tAarrovi, are used as putherhs •, while C. Citrallus, the Water Mclnn, 
is prized Vor its coo\ refreshing juice Tlie fruit of iMgeiiufia vul¬ 
garis, in consequence of Viaving a hard outer covering, is used ns a 
tossel for containing fluid, after the pulp and seeds are removed. Ills 
hence called Bottle Gourd. It is stated that poisoning lia.s followed 
on the drinking of beer that liaJ been standing ui a dask made of one 
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of those 6ourds. Dr. Royle mentions that symptoms of cholera hava 
been induced by eating the bitter pulp. The seeds of the plants in 
this order frequently supply a bland oil. The seeds of Telfairia pedata 
are as large as Chestnuts, and are used as food. 

873. Older 84.—Pnpaynccte, the Papaw Family. {Monopet. 
Polypet. Epwj'jn. and Diclines ) Calyx niiimte, 5-toothed. Corolla 
monopetalous, inserted into the base of the caly.x; in the male, 
tubular and 5-lohed ; in the female, divided nearly to the base into 5 
segments. In the section Paiigit re the scjials and petals are distinct. 
Stamens 10, inserted into the throat of the corolla, anthers bilocular, 
introrse, innate, dehiscing longitudinally. Ovary free, 1-celled; 
ovules indefinite, attached to ,5 parietal placentas; stigma 5-lobed, 
lacerated Fruit usually .succulent and indehiscent, sometimes cap¬ 
sular and dehiscent, 1-celled. Seeds oc , enveloped in a loose mucous 
coat, parietal; sperinoderm brittle, pitted: embryo in the axis of 
fleshy albumen ; cotyledons Hat; radicle slender, turned towards the 
hiluni.—Trees or slirnlis, not brandling, with alternate lobed leaves, 
supported on long slender petiulcN and with unisexual liowers. They 
are found in South America, and in other warm countries. One of 
the most imfiortant plants of the orlcr is Carirji Popm/a, the Papaw- 
tree, which yields an acrid milky juice, and an edible fruit. The juice 
of the. unripe fruit and tlie seeds are said to act as anthelmintics. 
This tree is said to have the profierty of rendering meat tender. 'The 
seeds of Tricladcnia zcylanim, a large tree of Cet Ion, called Tettignha 
or Tettigiuss, yield an oil used for burning. 'I'lie oil e.xpressed from the 
seeds of Cliaulnuioyraodoraia is used in India for tlie cure of leprosy 
and for v.avious cutaneous disease's. The tree is poisonous, but the 
seeds yield by expression a blaml fi.xed oil having a peculiar smell 
and taste. Tlie surface of the !e])rous ulcers is dressed with the oil, 
while a six-grain pill of the seed is given three limes a day. The 
fruit of Ilydnociirpus rmeiuitiis and 11. Toon is used to poison fish. 
The order has been divided into three sections;—J. Cariceoe, corolla 
monopetalous, fruit succulent and indehiscent. 2 Modeccere, corolla 
monopetalous, fruit capsular and delii-cent. 3 Pangiea?, corolla 
polypetalous. There are 11 known gcnei.-i, including 2!) :.pecies. 
Examples —Carica, Modecen, Pnngiiini. 

874. Order 65. — BcMriaiacem, tho Eelvi^ia Fainilv. (J/dnope-^. 
Epigt/n.') Calyx gamosepalons, persistent, limb dividend into 5 thick 
ovate segments; testivation vahate. Petals inserted in the tube of the 
caly.x, united more or less, and forming b verticil'^, the innermost of 
which limy be considered as an altered sfaminai row; the outer 
petaline verticil consot.s of 5 pf.aitcd lobes, eacli of which is 7-toofhed, 
and has 7 feathered ribs; the second pef.-illiie verticil is cut into a 
number of narrow segments; while the thiid is an inconspicuous cup- 
hke ring, with its edge minutely divided. .Stamens oo, united at 
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tbeir base so as to be monadelphous, or unequally polyadelphous; 
dlaments curved inwards; anthers dithecal, oblong. Ovary sur¬ 
rounded by a fleshy disk, and adherent to the tube of the calyx, 5- 
oelled ; ovules 2 in each cell, attached to a central placenta, nucleus 
curved; style 5-angled; stigma broad, flat, pentagons. Fruit a large 
fleshy rounded berry, crowned by the lobes of the calyx. Seeds large, 
kidney-shaped; cotyledons plano-convex; radicle and plumule im¬ 
mersed in their substance.—Shrubs, with alternate, simple, coriaceous, 
exstipulate leaves ; and axillary flowers often in sets of three. They 
are tropical, chiefly African. The pulp of the fruit is eatable. The 
rind contains much tannin, and has been used for making ink. The 
wood is soft, and presents numerous dotted vessels. Their place in the 
natural system is not well determined; some placing the order next 
Passifloraceas, others near Symplocacca:, and lindley recognizing its 
affinity to Rhizophoraceae. There are 2 genera and 4 species. Ex¬ 
amples —Belvisia (Napoleona), Asteranthus. 

875 Order 86.—rmwiaoi-arr®, the Passion-flower Family. (Poly¬ 
pet. Peiiyyn ) Sepals 5, combined below into a more or less elongated 
tube. Petals 5, perigynous, often with filamentous or annular pro¬ 
cesses on their inside, which ap))eat to be an altered whorl or whorls 
of petals, occasionally wanting, imbricated in aestivation. Stamens 5, 
monadelphous, surrounding the gynophore when present, rarely oc, 
usu.ally with processes from the thalamas, interposed between them 
and the jn'tals; anthers dithecal, extrorse, versatile, dehiscing longi¬ 
tudinally; pollen-grains sometimes bursting by opercula {fig. 354). 
Ovary 1-celled, often with a gynophore (^[ 437); ovules anatropal, oo ; 
styles 3; stigmas dilated. Fruit often stipitate, 1-celled, sometimes 
3-valved, opening by loculicidal dehiscence, or succulent and indehis- 
cent. Seeds oo , attached to parietal placentas, arillate, or strophiolate; 
spermoderm brittle and sculptured; embryo straight in the midst of 
thin fleshy albumen ; radicle pointing to the hilura.—Herbs or shrulw, 
often climbing, with alternate, stipulate, or exstipulate leaves. The 
order has been divided into three suborders:—1. Paropsie®, plants 
not climbing, with a sessile ovary, arillate seeds, .and exstipulate leaves. 
2: Passiflore®, climbing plants with a stalked ovary, arillate seeds, 
stipulate leaves, and glandular petioles. 3. Malesherbie®, plants not 
climbing, with a stalked ovary, style below the apex of the ovary, 
strophiolate seeds, and exstipulate leaves. They are natives chiefly of 
warm climates, and are found in America, the East and West Indies. 
There are 14 known genera, jiud 215 species. Examplet —Paropsia, 
Smeathmannia, Passiflora, Tacsimia, Malesherbia. 

876. Considerable discussion has taken place as to the true nature 
of the calyx and corolla in Passiflorace®. Lindley supports the view 
here given. Others consider the calyx as consisting of ten sepals in 
two rows, the inner more or less petaloid, and they look on the petals 
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as either wanting, or existing in the form of filamentous or annular 
processes. The name Passion-flower was given on account of a 
fancied resemblance in the flowers to the appearances presented at 
Calvary. In the five anthers the superstitious monks saw a resem¬ 
blance to the wounds of Christ; in the triple style, the three nails on 
the cross; in the central gynophore, the pillar of the cross; and in 
the filamentous processes, the rays of light round the Saviour, or the 
crown of thorns. Many of the plants, such as Pass[^ora quadrangii- 
laris and,edults, Grenadillas, yield edible fruits, the pulp or succulent 
arillus being fragrant and cooling. The root of Passijflora quadran- 
gularis is said to be emetic and powerfully narcotic, on which account 
it is said to be cultivated in several French settlements. It is said to 
owe its activity to a peculiar principle called Passifloiine. Other 
plants of the order are bitter and astringent. 

877. Order 87.—THrneracew, the Tnrnera Family. (PoJypet. 
Perigyn.) Caly.x with 6 equal lobes ; cestivation iinbric.ited. Petals 
6, perigynous, equal; aestivation twisted. Stamens .h, perigynous, 
alternating with the petals; filaments distinct; anthers dithecal, innate, 
oblong. Ovary free, 1-celled, with 3 parietal placentas, ovules oo, 
anatropal; styles more or less cohering, or forked ; stigmas muitifid. 
Fruit a 1-celled, 3-valved capsule, dehiscing only half-way down, in a 
loculicidal manner. Seeds crustaceous, reticulated, ,irillatc on one 
side ; embryo slightly curved, in the midst of fleshy albumen; cotyle¬ 
dons plano-convex; radicle pointing to the hilum.—Herbaceous or 
somewhat shrubby plants, occasionally with stellate pubescence, having 
alternate, exstipulate leaves, and frequently two glands at the apex of 
the petiole. They are natives of the West Indies and South America. 
They are not put to any important use. Turncra ojtife/a is astringent, 
and is employed in Brazil against dyspepsia. Tnrnera nlinifjlia is 
considered tonic and exjioctoiant. Lindiey gives 2 genera, including 
60 species. Examples —Turnera, Piriqueta. 

878. Order 88.—Portulacacew, the Purslane Family. {Polypet. 
Perigyn.) Sepals 2, cohering at the base. Petals usually 3, rarely 
wanting, distinct or cohering at the base, somenmes bjpogynous. 
Stamens usually perigynous, variable in number, all fertile, sometimes 
opposite the petals; filaments distinct; anthers versatile, bilocular, 
with longitudinal dehiscence. Ovary free or pai lally adherent, 1- 
celled, formed by 3 united carpels; style single or 0; stigmas several. 
Fruit capsular, 1-celled, opening by oircumscissile deliiscence, or by 3 
valves, occasionally itionospermous and indehiscent. Seeds numerous 
or definite, or solitary, attached to a central placenta ; albumen farina¬ 
ceous ; embryo peripherical; radicle long.—Succulent shrubs or 
herbs, with alternate, seldom opposite, entire, exstipulate leaves, often 
having hairs in their axils. They are found in various ports of the 
world, chiefly, however, in South America and at the Cape of Gwd 
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Hope. They always inhabit dry parched places. Tliey have a great 
affinity to CaryophyllaceiB, from which they are chiefly distinguished 
by their bisepalous calyx, perigynous stamens, and transversely 
dehiscent capsule. Lindley places this and the succeeding order 
among hypogynous Exogens, next to Caryophyllacece. The plants 
belonging to the order have few properties of importance. They are 
insipid and destitute of odour. Portvlaca oleracea, common Purslane, 
is used as a potherb on account of its cooling and antiscorbutic 
qualities; the ancients thought the seeds, steeped in wine, to be an 
emmenagogue. The tuberous roots of Clayfnnia tuberosa, a Siberian 
plant, are eaten ; and those of Melloca ( Ullucus) tuberosa, a native of 
Peru, have been recommended as a substitute for the potato. There 
are 12 known genera, and 184 species. Examples —Portulaca, Talinum, 
t'alandrinia, Claytonia, Montla. 

879. Order 89.—Pnronychincrw, the Knotwort Family. (JPdypet. 
Pertgyn.) Sepals 4-.5, distinct or cohering. Petals perigynous, be¬ 
tween the divisions of the calyx, usually inconspicuous, sometimes 0. 
Stamens usually perigynous, sometimes hypogynous, opposite to the 
sejtals when equal to them in number, some of them occasionally 
wanting ; fllaments distinct, rarely united ; anthers bilocular. Ovary 
superior, with one or more ovules ; styles 2-3, distinct or combined. 
Fruit unilocular, either a utricle covered by the calyx, or a 3-valved 
capsule. Seeds either numerous, attached to a tree central placenta, 
or solitary and pendulous from a long funiculus arising from the base 
of the fruit. Embryo more-or less curved, lying on one side of the 
farinaceous albumen, or surrounding it.—Herbaceous or somewhat 
shrubby plants, with opjiosite or alternate, sometimes setaceous and 
clustered leaves, which are either exstipulate or have scarious stipules. 
Found in barren places in various parts of Europe, Asia, .and North 
America. A slight degree of astringency pervades this order, and is 
the only sensible property that it is known to possess. The order 
has been divided into two sections :—1. Illecebrea;, with the embryo 
lying on one side of the albumen, and stipulate leaves. 2. Scleranthc®, 
with a peripherical embryo, and exstipulate leaves. There are 28 
known genera, and nearly 120 species. Examples —Paronychia, Ille- 
cebrum, Polycarjion, Corrigiola, Scleranthus. 

880. Order 90.— t'raanninren, the Houseleek Family (figs. 535, 
536). {Polypet. Perigyn.) Sepals 3-20, more or less united at the 
base (fig. 258 c c). Petals equal to tbe sepals in number, inserted in 
the bottom of the calyx (fig. 2i>8p p), either distinct or cohering in a 
gamopetalous corolla. Stamens inserted with the petals, either equal 
to them in number, and alternate with them (fig. 258 e e), or twice as 
many, those opposite the petals being shortest; sometimes one or two 
rows of abortive stamens; filaments distinct, or united, subulate, 
anthers bilocular, dehiscing longitudinally or transversely. Abortive 
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stamens or scales (sometimes obsolete), at the base of each carpel (liir. 
258 a a). Carpels equal in number to the petals and opposite to them, 
1-celled (figl 258 o o), sometimes consolidated ; styles several or c<.m- 
bined; stigmas pointed or 4-cornered; ovules 00, or definite, anatio- 
pal. Fruit consisting of several follicles, delriscing by the ventral 
suture, sometimes by the dorsal suture. Seeds variable in numbei , 
embryo straight, in the midst of fleshy albumen; radicle pointing to 
the hilum.—Herbaceous plants or shrubs, often succulent, with simple, 
entire, or pinnatifid, exstijiulate leaves. They are found in the driest 
situations, as on rocks, walls, and sandy plains, in vaiious parts of the 
world. Some of them are acrid, as Seilwn acre, Biting Stonecrop; 
others are refrigerant, from the presence of an acid, such as malic acid. 
Sempervimm tectorum is commonly known as the Houseleek. The 
fishermen ofMadeira rub their nets with the flesh le:i\es of the Sentper- 
rivtwi glutinasum, by which the nets are rendered as durable as it 
tanned, provided they are steeped in some alkaline Ihjuor. f5r/ye- 
phyllwn calyciman is remarkable liirthc property of producing germinat¬ 
ing buds at the edges of its leave.s I There are two suborders:— 

1. Sempervivete, witli I’aiqxdlai'y scales, numerous separate carpels iti 
the pistil. 2. G.il.ac-cie or Francoeie, witliout true scales, pistil con¬ 
solidated. There are 2i> geiieia. .ind aliuul 4G0 species. Krampk! 
—(,’rassiila, Senipervivum. (otiledon, Sedum, Peiithorum, Galax, 
iTaiieoa. 

881. Order 91.—Ficouiriv. or .vivsnnbrj-acese, the Ficoid or Meseni ■ 
bryanthemum Family. {Polypet. Perigpi..) .Sep.als definite, usually 
5, but varying from 4-8, more or less combined at tlie base, adherent 
to the ovary or distinct from it, equal or unequal; lestivation valvate 
or imbricate. Petals indefinite, coloured, sometimes 0 Stamens 
perigynous, distinct, definite or indefinite; anthers oblong, incumbeiii. 
Ovary usually niaiiy-colled; stigmas several, distinct; ovules 00, .ina- 
tropal or ampliitropai, .attached by cords to the placenta, which is 
either central or parietal. Fruit a many-celled capsule, opening in 
a stellate or circumscissile manner at the apex, or an indehiscent nut. 
Seeds 00, rarely definite or even solitary; embryo curved or spiral on 
the outside of mealy albumen; radicle next the hilum.—Herbaceous 
or slirubby succulent plants, with opposite or alternate simple leaves. 
They are found in warm regions chiefly. The greater part of them 
grow at the Cape of Good Hope. The order lias been divided into 
three sections:—1. Mesembryete, numerous conspicuous petals, uifiiiv- 
celled capsule, with stellate dehiscence. 2. Tetragoniere, petals 0, fi uit 
woody and indehiscent. 3. Sesiiveaq petals 0, capsule with circum- 
seissile dehiscence. There are IG known genera, and 440 species. 
Examples —Mesembryanthemum, Tetragonia, Aizoon, Sesuvium. 

Some of them are used as articles of diet, as the leaves of Memn- 
bryantlismum, edule, Hottentot’s Fig, and Tetragonia expansa, New 



438 


CACUCSJL 


Zealand Spinach. Others yield soda, and have been employed in the 
manufacture of glass. Mesemhryanthemwn. crystallimm, the Ice-plant, 
is remarkable for the watery vesicles which cover its surface, and which 
have the appearance of pieces of ice. Its juice is said to be diuretic, smd 
has been prescribed in dropsy and liver complaints. The seed-vessels 
of some species of Mesembryanthemum, as M. TripoUvm, have the pro¬ 
perty of expanding in a star-like manner when put into water, and 
closing wlien dry. The flowers of many of the plants of the order ex¬ 
hibit the phenomenon of opening only under the influence of sunshine 
and closing in dull weather (If 483). 

882. Order 92. —Caciacew, the Cactus or Indian Fig Family. {Poly 
pet. Epigyn.) Sepals numerous, usually oo , and confounded with the 
petals, adherent to the ovary. Petals numerous, usually indefinite, 
sometimes irregul.ar, inserted at the orifice of the calyx. Stamens in¬ 
definite, cohering more or less with the petals and sepals; filaments 
long, filiform; anthers ovate, versatile. Ovary fleshy, inferior, unilo¬ 
cular ; style filiform ; stigmas numerous; ovules oo, attached to parietal 
placentas equal in number to the stigmas. Fruit succulent, 1-celled. 
Seeds oo, parietal, or, after losing their adhesion to the placenta, nest¬ 
ling in pulj), ovate or obovate; albumen 0; embryo straight, curved 
or spiral; cotyledons thick, leafy, sometimes nearly obsolete ; radicle 
thick, obtuse, next the hilum.—Succulent shrubs, with peculiar angu¬ 
lar or flattened stems, having the woody matter often arranged in 
wedges. Leaves usually absent; when present, fleshy, smooth, entire, 
or spinous. Flower sessile, sometimes showy. They grow in hot, 
dry, and exposed places, and are natives chiefly of the tropical parts 
of America. Some grow rapidly on the lava in volcanic countries. 
There are 16 known genera, and about 800 species. Examples— 
Opuntia, Melocactus, Mammillaria, Echinocactus, Cereus, Epiphyllum, 
Pereskia, Hhipsalis. 

883. The plants of this order are remarkable for their succulence, 
for the great development of their cellular tissue, and the anomalous 
forms of their stems, some of which attain a great size. In their struc¬ 
ture numerous spiral cells are met with, and in many cases the fibre in 
these cells is interrupted so as to present thickened rings united by 
membrane. These rings, when the cells are macerated, can be ob¬ 
tained in a free state. Many of the plants in this order show a re¬ 
markable tendency to spiral development. The setse, spines, and hairs, 
are sometimes arranged spirally, and in Cereus jlagdlifornm the cells 
of the set® have this tendency. Many of them yield an edible fruit, 
which is sometimes refreshing and agreeable, at other times insipid. 
The fruit of Peredaa aeuleata, under the name of Barbadoes Gooseberry, 
is used in the West Indies as an article of diet. That of OpurUia vul¬ 
garis is known under the name of Prickly Pear. The juice of the fruit 
of some species is tubacid, and has sometimes been used as a refrigerant. 
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Cattle sometimes feed on the succulent stems in dry seasons. Some of 
the plants are noted as night-flowering (f 484). Cereus grandifiorus 
expands its lai^ white blossoms about 10 P.u. in our hothouses, and 
their beauty lasts only for the night Such is also the case with 
Cereus ngctiecUus. A plant of the latter species, in the Glasgow Botanic 
Garden, began to open its flowers between 7 and 8 p.m., and they were 
fully opened at 10. The following were the numbers and sizes of the 
various parts:— 


Length of the tube of the calyx.. 

Length of the petals. 

Length of the style. 

Breadth of flower when fully expanded. 

Number of long sepals. 

Number of short sepals. 

Number of petals. 

Number of stamens. 

Number of stigmas. 


7 inches 



.11 — 

. 75 

. 20 

. 25 

.400 

. 15 


The size to which some of the Cactus fiimily grow may be illustrated 
by a specimen of Echinocactus Viznaga, imported into Kew gardens 
from the mountains of San Luis, Potosi:— 


Weigtt of the plant..,.... 718 lbs. 

Height from surface of the earth. 4| feet. 

Measured over the top from the ground on each side.. 10 feet 9 inches. 

Circumference at 1 foot from the ground... 8 ieet 7 inches. 

Number of deep angles or costae... 44 

Number of spines.8800 


In Brazil, some epiphytic Cactuses are met with; and there are some 
species described by Gardner as attaining a height of thirty feet, with a 
circumference of three feet, Opuntia cochinellifera, and other species, 
are infested by the Coccus Cacti, or the cochineal insect, which feeds 
upon them. The plants are cultivated in what are called nopaleries, 
for the sake of the insect, the females of which, when dried, constitute 
the cochineal of commerce. 

884. Order 93.—Cr®ii«Biaptae«», the Gooseberry and Currant 
Family. {Polypet. Epigyn.) Calyx 4-5-cleft, regular, coloured. 
Petals minute, perigynous, equal in number to the segments of the 
calyx, and alternate with them. Stamens 4-5, alternate with the 
petals, and inserted into the throat of the calyx; filaments short; 
anthers dithecal. Ovary unilocular, adherent to the tube of the calyx ; 
ovules 00 , anatropal, attached to two opposite parietal placentas; 
style single, 2-4-cleft. Fruit a 1-celled berry, crowned with the 
remains of the flower. Seeds oo, immersed in pulp, and attached to 
die pfacentas by long tiiread-like funiculi; spermoderm gelatinous 
externally; albumen homy; embryo straight, minute; radicle point¬ 
ing to the hilum.—Shrubs, with alternate lobed leaves, having a 


















440 


SAXIFEAGACBJE. 


plicate vernation. They are natives of temperate regions, and are 
found in Europe, Asia, and America. Jfany yield edible fruits, which 
sometimes contain malic acid. The various kinds of Gooseberry (Etbea 
Grossularia), and Currant {Ribes rubnint and nigrum) belong to this 
order. The black currant possesses tonic and stimulant properties. 
On the under surface of its leaves and flowers fragrant glands may be 
perceived. The order contains 2 or 3 genera, and nearly 100 species. 
Kxmnpb' —l\ibcs. 

88 . 0 , Order 94.—Savifragncea', the Saxifrage Family. {Pobjpet. 
Perigi/n.) Calyx superior, or more or less inferior (fig. 397 c c); sepals 
usually 5, more or less coliering at the base. Pet.als usually 1), peri- 
gynous, alternate wiili the lobes of the calyx (fig. 397 pp), rarely U. 
Stamens perigvnous (fig. 397 e), ,')*10 or oo , in 1 or more rows; an¬ 
thers bilocular, with longitudinal or porous dehiscence. Disk often 
present, either annular or scaly. Ovary more or less completely united 
to the tube of the calyx, consisting usually of two carpels, cohering by 
their face (figs. 397, 398 o), hut distinct and diverging at the apex ; 
styles as many as the carpels, distinct (fig. 398 t) or combined ; stigmas 
capitate (fig. 398 s) or clavate Plaeenla.s (fig. 398 p) marginal (basal 
or apicilar', rarely central. Fruit generally a 1-2-celled capsule, the 
cells dehiscing at the ventral suture, and oltcu divaricating when ripe. 
Seeds usually cc, rarely definite; sperraodeiin often reticnlaled ; em¬ 
bryo small, in the axis of fleshy albumen ; radicle pointing to the 
hilum.—Shrubs or trees, or herb«, with altern.ite or opposite, usually 
exstipnlate Icavts. They arc generally nnti\es of temjperate climates, 
and some of tliem rharacterize alpiine district,s. 'J'he order has been 
divided into the following snboider.s;— 1 . Escalloniea*, petals and 
stamens 5: ovary inferior; style siuijile : albumen oily; evergreen 
shrubs, with .alternate, simple, exstipulate leave.s, found in the teinperate 
regions of South America, oi'ten at a great elevatit>n. 2. Cunoniem, 
petals 4-5 or 0; stamens 8 -ft) or cc; ovary half inferior; styles 2, 
distinct or combined; tiers or shrubs, with opposite leaves, having 
interpetiolary stipule.--; found in .South America, the F.ast Indies, 
south of Africa, and Australii.si,a. 3. 11} drangea;, pet.als 4-G ; stamens 
8-12 or 00 ; anthers sometimes biportise; ovary more or less inferior ; 
styles 2-5, usually distinct; shrubs with opposite, sometimes whorled, 
exstipulate leaves, and Howeis, frequently cymosc, with the exterior 
flowers sterile and dilated ; found chielly in the temperate parts of 
Asia and America. 4. Stixifrageic, jietals 5 or 0; stamens 5-10; 
ovaty more or less adherent; styles usually 2 , and distinct; herbs, 
with alternate, usually exstipulate leaves, found in the mountainous 
regions of Europe, &c. Few of the plants are put to any use. Some 
of them are astringent, and used for tanning; others have bitte/tonic 
properties. The glutinous exudation of a few of them is acrid. In 
the entire order there are 57 known genera, and upwards of 900 
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species. Uzampleg —Esoallonia, Itea, Cnnotiia, Weinniannia. Hyd¬ 

rangea, Bauera, Saxifraga, Chrj’sospleninni, Heucbera. 

886. Order 95.— Br«iiiteee», the Brunia Family. ( Pohjpet. Epkjyn.) 
Calyx 5-cleft; ffistivation imbricated. Petals inserted in the throat of 
the calyx, and alternate with its segments. Stamens alternate with the 
petals, arising from them, or from a disk surrounding the ovary; an¬ 
thers introrse, 2-celled, with longitudinal dehiscence. Ovary usually 
adherent to the tube of the caly.\-, and 1-3-celled ; ovules anatropal, 
suspended, 1 or 2 in each cell; style simple or bifid; stigmas 1-3. 
Fruit either bicoccous and 2-celled, or indehiscent and 1-celled, 
crowned by the persistent calyx. Seeds solitary or in pairs, suspended, 
sometimes with a short arillus; embryo minute, at the b.ase of fleshy 
athimien ; cotyledons short and tlesliy ; radicle conical, next the hilum. 
—Branched heath-like shrubs, with small, imbricated, rigid, and entire 
leaves, and small, often capitate llowers. They are natives principally 
of the Cape of Good Hope, and have no important properties. There 
are 15 known genera according to Lindley, and C.j species. Examples 
—Brunia, Staavia, Ophiiia. 

887. Order Ihi — iinui»iuriianrra:, the 'W’itcli-hazel Familly. (P/ily- 
pet. Epiffi/n.) C'aly.x 4-5-lobe(l or truncate. Petals 4-5 or (», inserted 
on the calyx, aheinating with the calyciiie .segment-s. btamens twice 
as many as the jietals, in two rows, one of which alternates with the 
petals and is fertile, the other is ojiposite to them and sterile; anthers 
bilocular, introrse. Ovary adheient, 2-celled; ovules solitary, or 
several (in Bucklandiaimd Sedgwickia), pendulous or suspended; styles 
2. Fruit a 2-celled, 2-valved capsule, opening by loculicidal dehis¬ 
cence. Seeds pendulous; embryo straight, in the a.xis of fleshy albu¬ 
men ; cotyledons leafy; radicle superior.—Shrubs or small trees, with 
alternate, petiolate, feather-veined, and stipulate leaves, and small 
axillary, bracteated, often unisexual flowers. They are found in various 
parts ot Asia, Africa, and America. 'I'he seeds of Hamamelis virgiaica 
are used as food, while its leaves and bark are astringent and acrid. 
Lindl«y notices 10 genera, including 1,5 species, hxampks —Hama¬ 
melis, Folhwrgilla, Bucklandia, Khodoleia 

888. Order 97. —itmbrilifmv. the Umbelliferous Family (figs. 612- 
616), Apiaccai of Lindley. (^Eolppet. Epigyn.) Calyx superior, 5- 
toothed or entire. Petals 5, inserted on llie outside of a fleshy epi- 
gynous disk, often with inllexod points (figs. 282, 613). Stamens b, 
alternate with the petals, incurved in aestivation (figs. 618, 014). 
Ovary inferior, 2-cened, crowned with a double disk or stylopod (fig. 
614 g e); ovules solitary, pendulous; styles 2, distinct (fig. 454 s s); 
stigmas simple. Fruit (figs. 615, Cl6) a cremocarp (If 643), consist¬ 
ing of two aclitenia (mericarps or hemicarps,) which adhere by their 
face (commissure) to a common axis (carpophore), from which they 
separate, and are suspended when ripe (fig. 454 a); each mericarp is 
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trareised by five primary longitudinal ridges (jugaX and often by four 
alternating secondary ones, the ridges being separated by channels 







(vallecnlae). In the substance of the pericarp there are frequently 
vitt® containing oil, which are usually opposite the channels. Seeds 
pendiilous (fig. 616 g), usually adherent to the pericarp, rarely loose; 
embryo minute, at the base of abundant horny albumen (fig. 616 «) ; 
radicle pointing to the hilura.—Herbaceous plants, often with hollow 
and furrowed stems, with alternate, rarely opposite, variously divided, 
sheathing leaves, (which sometimes assume the appearance of phyllodia), 
and with umbellate, involucrate flowers (fig. 241). They are found 
chiefly in the northern parts of the northern hemisphere. In warm 
countries they occur at high elevations, The order has been divided 
according to the number and size of the pericarpial ridges, the 
presence or absence of vitt®, and the form of the albumen. The 
following are the several sections, which, however, are not considered 
altogether satisfactory;—1. Orthosperm® (o’j straight, and 
seed), albumen flat on the inner face, neither involute nor convolute. 

OrffjwMi of fmctlfleation at Baoeus Carota, eommcm Carrot, to illustrate the 
natural order Cmbeuifers. 

Pljf. dli.—IXaipram of tlio flower, with & ^toothed calyx. 5 inflexed petals, 6 rtatnena, and 
fmit formed l»y 2 caipels, with primary and secondary ndges, vallecnl«e, commissure, and flat 
alboiDetx. 

Fig. 6ia.~The flower viewed from above, showing the petals with inflexed points and 6 
atameos. ^ ^ Epiffynous disk or stylopod. 

Kg. 614.—Verii^ section of the flower p, Petals with inflexed points. «, Stamens, one 
incurved at the apex. o. Ovary formed by two carpels, adlteient to the calyx tbroaghoat 
a, Styles and stigmaa ^ e. Epigynons disk or styiopod 

Fiff. 616 —Horisonta] aoetioB of the frnlt (creniocarp) with brtitly lidgea. 

Fig. 616.—Vertkal lectiou of the cremocarp. /, Peilcaip Seed, c, flat peilqtfnB. 
A Embryo. 
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2. CampylospennBB {KetfciruXts, inflected), albumen curved at the 
margins, so as to form a longitudinal furrow, 3. Cmlospermse (xo7M(, 
concave), albumen curved at the ends (from base to apex). Lindley 
enumerates 267 genera, including 1500 species. Examples —Hydro- 
cotyle, Eryngium, Apium, Bupleurum, jEthusa, Angelica, Heracleum, 
Daucus, Myrrhis, Conium, Coriandrum. 

889. The properties of the plants of this order are various. Some 
yield articles of diet, others gum-resinous and oily substances, while 
others are highly pobonous. According to their qualities, the species 
have been divided into—1. Those which are harmless, and are used as 
esculent vegetables. 2. Those producing a gum-resin, often having a 
fetid odour from the presence of a sulphur-oil, and which are used as 
antispasmodics and stimulants. 3. Those yielding a volatile oil, which 
renders them carminative and aromatic. 4. Those which are poison¬ 
ous, in consequence of the presence of an acrid and narcotic juice. 

890. Among esculent species may be noticed— Daucus Caroia (Car¬ 
rot), Pastinaca saliva (Parsnip), Apium gruveolens (Celery), Fceniculum 
vulgare (Fennel), Petroselinum sativum (Parsley), Anthriscus Cerefolium 
(Chervil), Sium Sisarum (Skirret), and Archangelica officinalis 
(Angelica). Crithmum maritinvum is the Samphire, which grows abun¬ 
dantly on rocks near the sea, and is used as a pickle. 'ITie roots of 
Arracacha esculenta, a native of Grenada, have been recommended 
as a substitute for the potato ; they are large and esculent, resembling 
a Parsnip in quality. The root of Eryngium campestre and maritimum, 
or Eryngo, is sweet, aromatic, and tonic. Boerhaave reckons it as the 
first of aperient diuretic roots. The tubers of Bunium Bulbocastanum 
and Jlexuosum are eaten under the name of Pig-nuts or Earth-nuts. 
Prangos pabularia, a plant of Southern Tartly, is highly recom¬ 
mended as fodder for cattle. 

891. Many species yield milky juices, which concrete into a fetid 
gum-resin. Assafmtida is procured from the Ferula Assafcelida ot 
Linnaeus, which has recently been described by Dr. Falconer under 
the name of Narlhex Assafwtida, The plant is found in Persia and 
Afighanistan, -and seeds of it have been sent to this country by Dr. 
Falconer, some of which have germinated in the Edinburgh Botanic 
Garden, and produced abundance of flowers and fruit. The fruit 
of the plant is distinguished by divided and interrupted vittse, 
which form a netw'ork on the surface, and its leaves have a resem¬ 
blance to those of a Pawny. It would appear that Ferula persica, 
a plant with very much divided leaves, yields an inferior sort of 
assafcBtida. The assafoctida is procured by taking successive slices off 
the top of the root, and collecting the milky juice which is allowed to 
concrete in masses It consists of resinous and gummy matter, with a 
sulphur-oil similar to that of Garlic, which is probably its active 
ingredient. It is employed medicinally in substance or tincture, as a 
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stimulant, antispasmodic, and antbelmintic. Ammoniac, another fetid 
gum-resin, is die produde of Dorema Ammoniacwm (probably Diserne- 
ston gummifenun of Jaubert and Spach), a native of Persia. It 
contains resin, gum, and volatile oil, and is used medicinally as a 
stimulant, antispasmodic, and expectorant. Galhamtni, which seems 
to be the ruaiin of Scripture, is procured, in all probability, from 
Opoidia galbunifera of Lindley. There are doubts, however, as to its 
botanical source. Don referred it to Galbanum ojficinale. It consists 
of resin, gum, and volalile oil, and is used as an antispasmodic and 
emmenagogue. Opoponax is another gum-resin, piocured from 
Opnponnx Ohironum (Pastinaca Opoponax), a native of the southern 
parts of Europe. Sagapenum seems to be the produce of a species of 
Ferula. 

8d2. There are other species which supply a carminative and 
aromatic oil. From the fruits of Carwni Cnriu, wliich are commonly 
called Caraw.ny seeds, a volatile oil of this nature is procured. Oils of 
a similar kind are obtained from tlie fruit of Phnptndla Anisum 
(Anise), from that of Fccnicuhiia vuhjare, or F. dulce (common 
Fennel), Aiuihum graveolrm (common Dill), Coriandrum salunim 
(Coriander), the of the Bible, Cwiuntim Cf/ininum {Cum'm), Arcbnn- 
gelica ojficinalis (Garden Angelica), and IJaucm Carota (Carrot) 

893. Ill regard to tlie poisonous species of this order, there is still 
much to be learned. They appear to vary according to the soil 
and climate in which they grow. .Some species, generally reputed 
poisonous, have been found by Dr. Cliristison to be quite innocuous 
when gathered from localities in the neighbourhood of Edinburgh. 
The most important plant of this section is Gonium macidatum (Hem¬ 
lock), the Kuauoi of the Greeks. It is a biennial plant, found abundantly 
in Britain, and distinguished by its undulated ridges, smooth purple- 
spotted stem, and the peculiar mouse-liko odour of its leaves, when being 
dried. Every part of the plant, especially the fresh leaves and green 
fruit, contain a volatile oleaginous alkali, called Conia, which acts as 
an energetic poison. To this substance the effects of hemlock on 
the animal frame are due, and care is required in tlic preparation of 
the leaves and fruit in order to retain this active principle. A few 
drops of Conia will kill a small animal. It acts on the spinal cord, 
producing paralysis with slight convulsive twitches, and its fatal effects 
are attributed to asphyxia, produced by palsy of the muscles of respira¬ 
tion, without convulsions or coma, llemlock has been employed 
medicinally to allay pain, more especially in cancerous and neuralgic 
affections. CEnaime crocata (Ileralock-Dropwort, or Dead-tongue), 
and a variety called apiifulia, have been long looked upon as poisonous. 
The roots have been mistaken for parsnips, and fatal effects have been 
thus produced. It would appear, however, that these poisonous 
■fj^ties are not invariably present, for Dr. Christison found that the 
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roots of this plant, when growing in a sea-side locality, near Edinburgh, 
were innocuous. It remains to be determined if the climate and locality 
have any effect in modifying the properties of the plant The same 
remarks may be made in regard to CEnartlhe PheUandnum (Water 
Dropwort), and Cicuta virosa (Water Hemlock or Cowbane), which 
seem to vary as regards their poisonous properties. jSi/tusa Cynapium 
(Fool’s Parsley), is another plant of the order reputed poisonous. It 
has been stated that the roots of Parsnip, during the spring of the 
second year, on the approach of the flowering season, occasionally pro¬ 
duce a poisonous matter. 

894. Order 98.—AmUacew, the Ivy Family. (Pob/pet. Eptgyn.) 
Calyx entire or toothed (fig. 309 c). Petals definite (fig. 309 p), 2, 5, 
10, deciduous, occasionally 0; (estivation valvate. Stamens as many 
as the petals, or twice as many, inserted below the margin of an epigy- 
nous disk (fig. 309 e c). Ovary adherent to the tube of the calyx, 2 
or more celled (fig 309 o) ; ovules solitary, pendulous (fig. 309), ana- 
tropal; styles 2 or more, distinct or connate (fig. 309 s); stigmas simple. 
Fruit usually succulent, 2-15-celled, covered by the calycine limb. 
Seeds solitary, pendulous, adhering to the endocarp; albumen fleshy ; 
embryo small; radicle pointing to the hilum.—Trees, shrubs, or her¬ 
baceous plants, with alternate exstijmlate leaves,and umbellate (fig. 240) 
or capitate flowers. They arc found both in tropical and in cold regions. 
Lindley enumerates 21 genera, including ICO species. Examples — 
Aralia, Panax, Adoxa, Iledera, IJelvingia. 

89o. They have generally aromaiic and stimulant properties. They 
are allied to Umbellifera;, but do not possess poisonous qualities in a 
marked degree, nor does their fruit usually yield volatile oil. A species 
of Panax yields the famous Ginseng root of the Chinese, which is 
used as a stimulant. The celebrated Rico Pa]ier of the Chinese is as¬ 
certained to be prepared from tlie jiitli of a plant of this order, called 
by Sir William Hooker, Araha impyrijeia. Panax qvinquefolium 
possesses qualities resembling tliose of ginseng. Some species of 
Aralia yield an aromatic gum-rosin. Aralia nudicanlis, a native of 
Eorth America, lias fragrant and aromatic roots, which-are used as a 
substitute for sarsaparilla. A. spinosa, called toothache-tree in North 
America, is a stimulant diaphoretic. The succulent fruit of Hedtra 
Helix, the Ivy, is emetic and purgative. 

896. Order 99.—Cornacra, tl le Cornel Family. {Polypet. Epiyyn.) 
Calyx 4 lobed. Petals 4, oblong, broad at the base, regular, inserted 
into the upper part of the calycine tube; aestivation valvate. Stamens 
4, inserted along with the pkals, and alternate wfth them; anthers 
tlilhecal. Ovary adherent to the tube of the calyx, 2-ceIled, crowned 

a disk; ovules solitary, pendulous, anatropal; style filiform; stigma 
simple. Fruit fleshy, crowned by the limb of the calyx, 2-celled, 
rarely 1-celled by abortion ; endocarp bony (fig. 473). Seeds solitary, 
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pendulous; embryo straight, long, in the axis of fleshy albumen; 
radicle superior, shorter than the oblong cotyledons.—Trees, shrubs, 
or herbs, with opposite, very rarely alternate, exstipulate leaves, and 
capitate, umbellate, or corymbose flowers. They inhabit the tempe¬ 
rate climates of Europe, Asia, and America. The bark of Cornua Jlo- 
rida and sericea is used in America as a tonic and febrifuge. The 
fruit of Cornua maacula lias been used as food, and the seeds of Cornua 
aanguinea furnish oil. From the wood of Comus maacula, or Akenia 
of the Greeks, the Kizziljiek or Redwood of Turkey, tlie Turks ob¬ 
tain the dye for their red fez. The fruit stewed and mi.xed with 
water forms a good drink in hot weather, and from its astringency it 
is useful in diarrhoea. The truit of Cornua suecica, a species found on 
the Scotch mountains, is reputed tonic. Aucuha japonica has leaves 
which exhibit a variegated aspect. Lindley gives 9 genera, and 40 
species. Examplea —Cornus, Aucuba. 

Section 2.—rFAMOCETAijs. 

897. Petals united; stamens usually epigynous. This subclass 
includes the Monopctalows orders of Jussieu, and the Gamopetalte of 
Endlicher, in which the ovary is inferior, or in other words, in which 
the calyx is adherent. 

898. Order 100.—l.ornnihnrrir, the Mistleto Family. {Monopet. 
Epigyn.) Calyx arising from a tube, or rim, which some regal'd as an 
expiuision of the pedicel, often bractcated. Petals (or according to 
others, sepals) 4-8, distinct, or more or less united; mstivation valvate. 
Stamens equal in number to the petals, and opposite to them ; filaments 
more or lesk united to the petals; anthers 1- 2- or many-celled 
(T[ 405). Ovary unilocular, adherent to the calycine tube or the 
expanded pedicel; ovules with a naked nucleus, erect or suspended; 
style filiform or 0; stigma simple. Fruit succulent, crowned by the 
calyx, 1-celled. Seed solitary, pendulous; embryo straight, in the 
axis of fleshy albumen; cotyledons either minute or numerous; radicle 
superior.—Shrubs, usually parasitical, with opposite or alternate, fleshy 
exstipulate leaves. Many of the plants have showy flowers, which 
hang from the trunks and branches of trees in the equinoctial parts of 
Asia and America. Some occur in temperate regions. Lindley gives 
23 genera, and 412 species. Examplea —Loranihus, Viscuro, Myzo- 
dendrou. 

899. Disputes Jjave taken place as to the structure of the flowers in 
this order, some considering the petals as being in reality sepiils, and 
regarding the calycine rim as being an expansion of the pedicel onlj^ 
The wood of some of the plants is arranged in separate wedges, aw 
their vessels are either annular or soalariform. The fruit contains a 
viscid matter, like bird-lime, by means of which the seeds adhere to 
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trees. The seeds in germinating send their radicles into the plant to 
■which they are attached, and grow afterwards as true parasites, select¬ 
ing certain chemical ingredients in preference to others. The bark is 
usually astringent. Griffith has carefully described the nature of the 
parasitism of those plants. He states that in Loranthus, the ripe seeds 
adhere firmly to the substance on which they are applied by means of 
their viscid coating, which hardens into a transparent glue. In two 
or three days after application, the radicle curves towards its support, 
and as soon as it reaches it becomes enlarged and flattened. By 
degrees a union is established between the woody system of the para¬ 
site and stock, after which the former lies exclusively on the latter, 
the fibres of the sucker-like root of the parasite expanding on the 
wood of the support. Before this occurs the parasite is nourished by 
its own albumen, which is gradually absorbed. “As soon as the 
young parasite has acquired the height of one or two inches, when an 
additional supply of nourishment is perhaps required, a lateral shoot 
is sent out, which is, especially towards the point, of a green colour. 
This at one, or two, and subsequently at various points, adheres to the 
support by means of sucker-like productions, which are precisely 
similar in structure and mode of attachment to the original seminal 
one.” The fibres of the parasite never penetrate beyond their original 
attachment; in the adult the sucker-bearing shoots frequently run to 
a considerable distance. “I have seen,’’ says Mr Griffith, “such 
shoots which had taken their course along a decayed branch become 
replaced, and return in quest, as I may express it, of a part capable of 
affording some nourislment" Visewn album, Mistleto, was called by 
the Druids the Mistleto of the Oak, on which, however, it is rarely 
found parasitic. It grows well on the apple-tree The formation of 
the ovule in the Mistleto, according to Schleiden, is described at 
463. Loranthus tetrandrus is used in Chili to dye black. 

900. Order 101.—Cnprifoiiacrw, the Honeysuckle Family. {Mono¬ 
pet. Epigyn.) Calyx with its limb 4-5 lobed, usually bracteated. 
Corolla superior, lobed, usually regular and gamopetalous, sometimes 
irregular. Stamens epicorolline, equal in number to the lobes of the 
corolkq and alternate with them. Ovary adherent to the tube of the 
calyx, usually 3-cellcd, rarely 4-5-celled; ovules few in each cell, 
pendulous; style one or none; stigmas 3-5. Fruit fleshy or dry, 
crowned by the limb of the calyx, indehiscent, uni- or multilocular; 
endocarp sometimes bony. Seeds solitary, or several in each cell, 
pendulous; spermoderm often bony; embryo small in the centre of 
fleshy albumen ; radicle next the hilum.—Shrubs th herbs, with oppo¬ 
site exstipulate leaves, and corymbose flowers. Chiefly found in tlie' 
northern parts of F.urope, Asia, and America ; found very s^ringly 
in northern Africa, and little known in the southern hemisphere. 
The order has been divided into two suborders:—1. Lonicerese, ffie 
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true Honeysuckles, with a regular rotate or tubular corolla, three 
sessile stigmas, and a raphe on the inner side of the ovule. 2. Sam- 
buceae, the Elder Tribe, with a corolla more or less tubular, often 
irregular, a filiform style, and a raphe on the outside, of the ovule. 
Idndley gives 14 genera, and 220 species. Examples —Lonicera, 
Caprifoliura, Leycesteria^ Linnsea, Stimbucus, Viburnum. 

901. Many of the plants, such as the Honeysuckle and Elder, have 
odoriferous flowers. Some possess emetic and purgative jiroperties. 
'I'be fruit of Samhucus nigra, the Common Elder, is used in the manu¬ 
facture of a kind of wine. 'J'he flowers contain a small quantity of 
concrete volatile oil, and a minute jinrtion of a volatile odoriferous oil. 
The inspissated juice of the fruit, and the inner bark, posse.ss purga¬ 
tive qualities. Viburnum Optiliis, the Gueldres Kose, is often culti¬ 
vated in gardens. Viburnum Lcmtana has an acrid bark. Linncea 
borealis is a delicate northern plant, named after Linnaous. Sginphoii- 
carpns racemosa yields the Snowberry. 

902. Order 102.— Knbiacr:*, the Madder and Peruvian Bark 
Family. {Monopet. Epigyti.) Calyx adherent with the ovary, the 
limb with a definite number (usually 4-5) of divisions, sometimes 
obsolete (fig. 619 c). Corolla gamopetalous, regular, tubular, or rotate 
(fig. 619 p), inserted into the calyx, usually with 4-5 divisions (fig. 



618) ; aestivation valvate or imbricate. Stamens more or less adherent 
to the corolline tube, as many as the lobes of the corolla, and alternate 


FIgg. 617-G22.-'Illustrations of the natural order nnhlureip 

Flff. ^17 —Dlagrara of the flowei of Guliuni AIt.llutr«i, beloiijrinc to the soetion Stellate. Caly* 
nearly obsolete, corolla rotate, 4-lobecl, 4 stamens, and dnlymous oviuy. 

Fig. 618.—Flower entire. 

Fig. 619 —Flower cut vertically, r, Calyx adherent to the ovary, o, which !■> 2-colIciL p, Co-’ 
rolia. ee, Stamens surroiuicliiig the style and fitigniua 
Fig. 620.—Fruit of Hubla tinctorla, Madder. 

Fig. fttt.—The same, showing the separation of the two carpels 
Fig 6S2.—The seed cut vertically. Perisperro. Curved ciobryo. 
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■with them (fig. 617). Ovary inferior, usually biiocniar (fig, 619 o), 
sometimes maltilocular, crowned with a fleshy disk ; ovules numerous 
or solitary, anatropal or amphitropal; style single, sometimes partly 
divided; stigmas usually 2, more or less distinct (fig. 619). Fruit 
intoior, 2- or many-celled, dry or succulent, either iiidehiscent or 
splitting into two mericarps (figs. 620, 621). Seeds 1 or many in 
each cell, in the former case erect or ascending (fig. 619), in the latter 
attached to a central placenta; albumen copious, horny or fleshy 
(tig. 622 />); embryo small, straight, or slightly curved (fig. 622 e); 
cotyledons leafy ; radicle turned to the liilum.—Trees, shrubs, or herbs, 
with simple, entire, opposite, or verticiilate leaves, which have either 
interpetiolary stipules ((ig. 190), or are exstipulate. The order has 
been divided into two suborders:—1. Cinebonere, with rounded stems, 
usually opposite Je.aves, and interpctiolnry stipules (fig, 190), natives 
of the hotter ]iarts of the world. 2. Galicie, or Stellatie, with square 
stems, verticiilate leaves, and no stijnilcs; natives of northern and 
colder regions. Liiidley considers these divisions as separate natural 
orders. Some authors think that the verticiilate leaves of Stellai® 
consist partly of true leaves, and jiarlly of stipules. The order in¬ 
cludes nearly 280 genera, and upwards of 2800 known species, i’.r- 
amples —Cinchona, Gardenia, lledyotis, Isertia, IJainelia, Guettarda, 
Piederia, CoiFea, (iepliaelis. I’sychotrui, Sjierniacoco, Anthospermuin, 
Opercularia, Galium, Kubia. 

903. The properties oi' tlie order, in general, are tonic, febrifuge, 
and astringent. Many important articles of materia inedica are lur- 
lasbed by the plants in the suborder Cinclioneaj. Peruvian or Jesuits’ 
Bark, Quinquina of the French, China of the Germans, known under 
the vague and ill-defined namo.s of Pale. Yellow, and Red Bark, is 
procured from various species of Cim-hoitd, which grow abundantly in 
the district of IJpjier I’cru. The Citiclioiia trec.s seem to be confined 
exclusively to the Andes, within tlia boundaries of Peru, Columbia 
and Bolivia, from north lat to 2(G south lat.. chiefly growing at 
elevations varying from 301)0 to 9000 teet above the level of the sea, 
and in a dry rocky soil. 'I’lie bark-s arc met with cither in thick, 
large, flat pieces, or in thinner pieces, which ciiil inwards during dry¬ 
ing, and are called (juilled. Britain is said to import from 225.000 
to ,556,000 lbs. annually, and to retain 120,(iO0 lbs. for home consitrap- 
lioii. At least twelve species are siippo.sed to 1'urnish commercial barks, 
but great obscurity prevails as to tln' specii's to which the various kinds 
if bark should he referred. The cliief otlicinal kinds are: 1. Crown- 
lark, China-loxa, a pale bark in quills (i to 15 inches long, the 
irodnce of Cincfioiia coinhui/iiiea, which inhabits the mountains in 
he vicinity of Loxa, at an elevation of from .5700 to 7500 feet. 2. 
bay bark, Silver bark, or Iluanuco bark, China-IIuaniico, another 
’ariety of quilled pale bark, obtained from Cinchona nitida and mC 
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erantha, found near Huanuco, Peru. 8. Yellow bark, China-regia, 
or Calisaya bark, partly flat, partly quilled, procured from Cinchona 
CaUsaya, which grows around Apolobamba. 4. Red bark, China- 
rubra, partly flat and partly quilled, procured from an unknown 
species. Besides these, there are various inferior kinds of bark met 
with in commerce, such as Ash bark, China-Jaen, from Cinchona 
ovata; hard Carthagena bark, China-flava-dura, from Cinchona corifi- 
folia ; Rusty bark, China-Huanialies, from C. condaminea, var. Chat- 
margiiera; Orange-bark, from C. lancifolia; and Red bark of Santa- 
F4, from Cinchona magnifolia. The following is the arrangement 
adopted by Pereira:— 


A. True Cinchonas with a Brown Epidermis. 

I. Pale Barks. 


1. Crown or Loxa Bark . Cinchona condaminea, H. and B. 

2. Gray, or Silver, or Huanuco Bark... Cinchona micranilia, A. and P. (C. 

scrobiculala, //. and B.) 

3. Ash or Jaen Bark. Cinchona ovata, Ft, Peruv. 

4. Kusty or Uuainalies Bark. C. condaminea, twr. chatinarpnera, 

De Cand. 


II. Yellow Barks. 


5. Koyal, Yellow, or CalLsaya Bark ... Cinchona Cali.'aya, Wedd. 


III. Red Barks. 

6. Red Bark 


Cinchona sp. ? 


B. True Cinchonas with a White Epidermis. 
I. Pale Barks. 

7. White Loxa Bark. 

II. Yellow Barks. 

8. Hard Carthagena Bark. 

9. Fibrous Carthagena Bark. 

10. Cuzco Bark. 

11. Orange Bark of Santa Fe. 

III. Red Barks. 

12. Red Bark of Santa-Fc. 


Cinchona sp 7 


Cincliona cordifidia, Mutin. 

C. condaminea, vor. lancifolia. 

C. puhescens, Vatd, (C. purpurea, 
It. and P.) 

C. lancifolia, Mutii (C. angusti- 
folia, P.) 

C. ohlongifolia, Muth (C. magni- 
f dia li. and P.) 


Cinchona bark contains three alkalis, Cinchonine, Quinine, and Quini- 
dine, to which its active properties are due; the first is best obtained 
from Cusco bark, the second from Yellow bark, and the third 
from fibrous Carthagena bark. They exist in combination with 
Kinic acid. Cinchona bark is nsed medicinally as a tonic and anti- 
riodic, in cases of dyspepsia, neuralgia, and intermittent fever, 
it has been administered in the form of infusion and tincture; 
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but at present, the disulphate of Quiiia b the chief preparation used. 
The genus Exoatemma yields various kinds of false Cinchona bark, 
which do not contain the Cinchona alkalis. In thb genus the sta¬ 
mens are exserted, whereas in Cinchona they are included. The 
folfowing are some of the false barks noticed by Pereira:— 

1. St. Lucie or Piton Bark.Exostemma fioribundum. 

2. Jamaica Bark.E. caribaeum. 

8. Pitaya Bark.Exustemma sp. ? 

4. False Peruvian Bark.E. peruvianum. 

5. Braxiliaa Bark.E. souziaiiuin. 

Pinctneya pvPens yields the fever-bark of Carolina. 

904. Some of the plants of this order have emetic and purgative 
qualities. Cephdelis Ipecacuanha ydelds the Ipecacuanha of the Phar¬ 
macopoeia. The plant is found in the woods of several Brazilian pro¬ 
vinces, as Pernambuco, Bahia, and Rio Janeiro. The roots which are 
the officinal part, are contorted, knotty, and annulated, and about the 
thickness of a goose-quill. They are used as emetic and diaphoretic 
remedies, in the form of powder or wine. Their active ingredient is 
an alkaloid called Emeta or Emetine. Besides this brown or gray an¬ 
nulated Ipecacuanha, there are spurious kinds, such as striated or Black 
Peruvian Ipecacuanha, the produce of Psrjchotria emetica, and white or 
amylaceous Ipecacuanha, furnished by I{ic/iardsoniascabra(brasiliensis,) 
a native of the provinces of Rio Janeiro and Minas Geraes. Some of 
the species of Psycliotria, Cephaelis, and Randia, are said to act so 
violently as to produce poisonous effects. 

905. Among the astringent plants of the order may be noticed 
Uncaria Garnbir, which supplies a kind of Catechu, known by the name 
of Gambeer. Of the plants furnishing articles of diet, the most im¬ 
portant b Coffea arabica, a native of Arabia and of the borders of Abys¬ 
sinia, which furnishes the Coffee of commerce. The fruit is succulent, 
and the horny albumen of the seed is the part used as a beverage. It 
contains a bitter principle, denominated Caffein, which is identical 
with that got from Tea. The import of Coffee into the United King¬ 
dom, in 1847, was 19,783 tons, and in 1848, it was 24,553 tons. The 
seeds of some other plants of the order, as species of Galium, have been 
used as substitutes for Coffee, Among the plants yielding dye, the 
most interesting is Ruhia tinctoria, tlie root of which b the Madder of 
commerce. It contains three volatile colouring matters—madder 
purple, orange, and red. The latter is in the form of crystals, having 
a fine orange-red colour,, and called Alizarine. This is the substance 
which yields the turkey-red dye. Ruhia Munjisla, {cordifolia), Mim- 
jeet, is also used for a similar purpose. OlderUandia umhdlala is em¬ 
ployed in the East Indies as a substitute foi Madder, and so is the root 
of Morinda dlrifolia, under the name of Sooranjee. The latter yields 
a peculiar colouring matter, called by Dr. Anderson. Morindine. It 
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is extracted from the bark of the root, and is procured in the form of 
minute acicular crystals of a fine yellow colour. It is incapable of pro¬ 
ducing colours with alum and iron mordants, but with turkey-red mor¬ 
dant it produces a dark red. Many of the plants of this order, especi¬ 
ally in the section Cincbonese, have very showy and fragrant flowSrs. 
Tlie species of Aftess(mda and CalcophyUum, are remarkable on account 
of one of their sepals becoming large and showy. Agenda odorata, 
Wood-ruff, gives out its fragrance when dried. 

906. Order 103.—Vaierinnacoir, the Valerian Family. {Mompet. 
Epigyn.) Calyx superior, its limb being either membranous or pap¬ 
pose. Corolla gamopetalous, inserted into the top of the ovary, tubu¬ 
lar, 3-4-5-lobed, sometimes gibbous or spurred at the base. Stamens 
1-5, adherent to the corolla and alternate with its lobes. Ovary 
inferior, 1-3-celled ; ovule solitary, pendulous, style filiform ; stigmas 
1-3. Fruit dry, indehiscent, crowned by the limb ol the calyx, 
1-celled, in consequence of 2 cells being abortive. Seed solitary, 
pendulous, exalbuminous; embryo straight; radicle superior.—Herbs, 
with opposite exstipulate leave.?, and cymose inflorescence. They are 
found in temperate climates. Lindley gives 12 genera, and 185 species. 
Examples —Patrinia, Valeriana, Centrantlms. 

907. The plants belonging to the order are strong scented or aro¬ 
matic, and some of them ha\ e been used as bitter tonics, anthelmiiities, 
and antispasniodics. The root of Valeriana officinalis is the common 
medicinal Valerian. It has a bitter acrid taste, and a peculiar odour, 
which is fetid and disagreeable in the dry state. In the form of 
tincture and infusion, it is preseilbed in cases of hysteria. Other 
species of Valerian, as V. celtica, Phu,,sitclicns>s, and Saliunca, have 
similar properties. Valerian is known to have a peculiar eflect on 
cats, causing a species of intoxication. Nardostacliys Jatamansi is 
the TO, KtefSof, or spikenard of the ancients, which was highly prized 
on account of its perfume. Valertandlu olitorui, Lamb’s lettuce, is 
u.sed as a salad. Many of the jilants in the order secrete a peculiar 
volatile oil, to which these properlu'^ tire due 

908. Order lOli.—»ip»»rn€-ow, the Teazel Family. (Monopet. 
Epigynl) Calyx superior, with an entire, or toothed, or pappose limb 
(fig. 278). Corolla gamopetalous, tubular, inserted on the calycine 
tube, with an oblique 4-5-lobed limb; aestivation imbricated. ^ 
mens 4, attached to the tube of the corolla, and alternate with its 
lobes; anthers dithecal, distinct. Ovary cohering with the tube of 
the calyx, either closely or only at the apex, unilocular; otu1*j soli¬ 
tary, pendulous, anatropal; style filiform ; sttgma simple. Fruit dry, 
indehiscent, crowned by the limb of the calyx, covered by an epicalyx 
or involuoellum, 1-celled. Seed solitary, pendulous, albummous ; 
embryo straight; radicle superior.—Herbs or undershrubs, with 
opposite or verticillate leaves, and capitate or verticillate flowers, 
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surrounded by a many-leaved involucre (figs. 232, 214). They are 
found in the south of Europe, the Levant, and at the Cape of Good 
Hope. Tlie properties of the order are unimportant. The name 
Dipsacus is derived from S/if-et. thirst, in consequence of the bases of 
the leaves of some of the .species being connate, in such a way as to 
enclose a cavity which contains water ready to allay thirst. Coin- 
iron 'JVazel is hence called Venus’s Bath; the water contained 
in which was considered good for bleared eyes. The heads of Uipsacvs 
fullonum. Fullers’ Teazel, on account of their spiny bracts, are used in 
dressing cloth. Some of the species arc reputed febrifugal. Scabiosa 
succisa is said to yield a green dye, and has ii om its a.stringent qualities 
attracted the attention of tanners. Lindley mentions 6 gtmera, includ¬ 
ing 150 species. Examples —Morina, Sc;d)iosa, Dipsacus. 

909. Order 105.—c^aiyfrracea-, the Calycora Family. {Monop^t. 
Epigyn.) Calyx superior, with a limb of 5 unequal segments. Corolla 
regular, infundibuliform, with a long slender tube, and a 5-lobed 
limb, the lobes having each three principal veins. Stamens 5, attached 
to the tube of the corolla, with as many alternating glands below 
them; filaments monadelphous; anthers parti.ally united. Ovary 
inferior, 1-celled; ovule solitary, pendulous; style single, smooth; 
stigma capitate. Fruit an achienium, crowned by the rigid spiny 
segments of the calyx, sometimes covered with papill®, which emit 
spiral tubes when placed in water. Seed solitary, pendulous; embryo 
in the axis of fleshy albumen ; radicle superior.—Herbaceous plants, 
with alternate, exstipulate leaves, and sessile capitate flowers, sur¬ 
rounded by an involucre. They inhabit South America, rarely occur¬ 
ring in the tropical districts, but more plentiful in South Chili. Their 
properties are unknown. There are 5 known genera according to 
Lindley, and 10 species. Examples —C'alycera, Boopis. 

910. Order 10().—CompoBlur (.4stcraceai of Lindley, and Synan- 
therte of other authors), the Comjiosite Family. {Monopet. Ep gyn.) 
(Figs. G23-634). Caly.x superior, its limb either wanting or mem¬ 
branous, or divided into bristles, jialo®, or hairs, and called pappus 
(figs. 277, 279, G2G a). Corolla gamopetalous, ligulate (figs. 301, 
G24) or tubular (fig. 626 p), in tlie latter case usually 6-toothed, 
sometimes bilabiate (fig. 625); two marginal veins, containing spiral 
cells, rnn along each of the corolline divisions, and afterw'ards proceed 
along the axis of these divisions ; aastivalion valvate. Stamens usually 
5, alternate with the teeth of the corolla (fig. 626 e); filaments dis¬ 
tinct ; anthers (figs. SOI 624, 625, 626 e) cohering into a cylinder 
(synantherous or syngenesious). Ovary inferior, closely adherent to 
the tube of the calyx (figs. 624, 625, 626 o, 634), and undistinguish- 
able from it, 1-celled ; ovule solitary, erect (figs. 423, 626, 634) ; 
style simple, sometimes with collecting hairs (fig. 627); stigmas 
two, distinct (figs. 404, 627-633) or united. Fruit, an achamium 
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(Cypsela, ^ 542), crowned with the limb of the calyx (fig, 634). Seed 
solitary, erect, exalbuminous (fig. 634); radicle inferior.—Herbs or 
shrubs, with alternate or opposite, exstipulate leaves, and capitula of 
flowers (called florets), which are either hermaphrodite or unisexual, 
and are surrounded by bracts in the form of an involucre (figs. 242, 
243). Bractlets are sometimes interspersed with the flowers on the 
receptacle, and are then called palese. Some of the flowers belong to 
the cyanic, others to the xanthic series ( If 679). In the same bead 
the flowers are sometimes homochromous (oftof, similar, and 
colour), belonging to the same series; at other times they are hetero- 
chromous (tVego;, diverse), belonging to different series,—the ligulate 
to the cyanic, and the tubular to the xanthic. 

911. This is one of the largest, and, at the same time, one of the 
most important natural families in the vegetable kingdom. The plants 
were all included by Linnajus in his class Syngenesis, and were di¬ 
vided into five orders according to the sexes of the florets, and the 
nature of the involucre. These divisions are given at page 356, under 
the names Polygamia .®qualis, Superflua, Frustranea, Necessaria, and 
Segregata. The.following series of terms have also been employed to 
express the nature of the capitula, as regards stamens and pistils:— 

1. Homogamous (iftit, alike, and marriage), dowers all hermaphrodite 

($<)• 

2. Hetorogamoiis (iftiof, diverse), the dowers of the disk (centre) hermaphrodite, 

those of the ray (cirimmference) either pistillate (female) onlj’, or neutral, i. e. 
destitute botli of stamens and pistils. 

8. MoiKBcioos, $ — ^ y male and female dowers in the same capitnium. 

Fipi. 623-6.'i4 —Organs of fructifloation of Compositac. 

Fig. —Dlap-ain of the flower of a Seneeio The outer dotted circle Indicates the pappose 
limb of the calyx, within It is tiic tulmliu* corolla with five divisions, next five stamens wltli 
united anthers, and in the ccntic the 1-celled, l-seeded ovary. 

Fig. 024 —One of the ligulate flowers or florets ot Cichorium Intybns, Succory or Clilcory, 
belonging to the section Cichorace^. o. Ovary completely adherent to the tube of tbecalyx, the 
limb ofthe calyx fonning u crown surrounding the base of the ligulate (strap-shaped) corolla, 
which has five apicilar divisions, e, Cylinder formed by the anthers (synantheroos), travel se(L 
by the style with Its bifid stigma, $. 

Fig 625—Flower of Cha^nthera linearis, belonging to the section LabiatifiorsB. o. Ovary 
with adherent calycine tube, t. Tube of the gamopetalous bilabiate corolla. I s. Upper lip of the 
corolla 1 4, Lower lip of the corolla, e. Tube of the anthers, s, The bifid stigma at the apex of 
the style. 

Fig. 62(J„.—Tabular (flosculous) flower of Aster rubricaulls, belonging to the section Corym- 
bifera, cut longitudinallv, to show the erect ovule, o, enclosed in the pericarp, consisting of the 
walls of the ovary, and the calycmc tube incori>oratcd. p, United petals, a, Pappus, consisting 
of the altered limb of the calyx, e, Stamens with their united anthers, attached to the corolla. 
I, Style traversing the antherlue tube. 

Fi^ 627-633.—Summits ofthe styles of plantsbelonglng to different tribes of Com^itaa Two 
ttigmatlc bands are seen bordering the Internal surface of the two branches, which terminate 
each of these styles. Several have collecting halre at different parts. 

Fig. 627.—Summit of the style of Cichorium Intybns, one of tne Cichotaceaa. 

Fig, 62S. . ... Chmtanthera linearis, one of the LablgtifloriB. 

Fig. 629,———— Thevenotia, one ofthe Cynarese. 

Ftg. 63(X-—— Seneeio Oorio, one of the Senecionideie. 

F^. 6>1.————— Aster adulterinus, one of the Asteroidew. 

Fig. 633.——— Stevia porpurea, one ofthe Eupatorlacem. • 

—• Vemonla angui^olia, one of the Vemoniace®. 

Fig. 684.-Ripe fruit (Cypsela) of a Seneeio, cut vertically, e, Exalbuminous etnbnro, with 
infenor radicle, Spermoderm or covering of the erect seed. F* Pericarp consisting of ovarian 
parietes wiUi the closely-adherent c^y^ie tube. «, Style. 
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4. Heterocej)halou8 ('•’’t") diverse, and a head), some capitula entirely 

male, others entirely female, in the same plant. 

6. Dioecious, S : J, some plants with male capitula only, others with female 
capitula only. 

The following series of terms have been used to express the nature of 
the capitula, as regards the form and arrangement of the flowers:— 

1. Discoid or Flosculous, corollas .all tubular. 

2. Ligulatc or Seniiflosculous, corollas aU ligidate. 

8. Eadiato, corollas of the margin or ray ligulate, those of the centre or disk 
tubular. 

4. I’alsoly-discoid, corollas all bilabiate. 

6. Falsely-radiate, or radiatifomi, eorolks of the margin ligulatc. tho.se of the 
centre bilabiate. 


912 . Jussieu divided the order into three sections;— 1 . Cjnaro- 
cepbalffi {cynara^ the artichoke), having the flowers all flosculous 
(tubular); involucre hard, conical, and often spiny. 2. Corymbifera' 
(corymbvs, a corymb, and Jho, I bear), having flosculous (tubular) 
florets in the disk (centre), and ligulate (seiniilosculous) in the ray 
(circumference); involucre hemispherical, leafy, or scaly, seldom spiny 
3 . Cichoracete {cichorimn, succory), having the florets all ligulate. 
Another section was subsequently added, containing bilabiate flowers. 

913 . De Candolle made the following divisions, which are now' 

pretty generally adopted :—] Tubulillora;, hermaphrodite flowers 
tubular, regularly 5- rarely 4-tootlied. Under this section he in¬ 
cluded several tribes, in which the distinctions are founded on the 
nature of the style and stigma in the hermaphrodite flowers. The.se 
characters are shown in iigs. ri29-(>33, which illustrate the tribes 
Vernoniaceae (fig. C33), Enpatoriacem (fig. G32), Asteroideie (fig. 631), 
Senecionideic (fig. 630), and Cynaretc (fig. 629). 2. Labiatiflorm, 

hermaphrodite flowers, or at least the nuise.xual ones, divided into two 
lips (fig. 625). The subdivisions of this section are also founded on 
the style and stigma (fig. 628). 3. Liguhflora' (eiclioracea;), all the 

flowers hermaphrodite and ligulate (fig (!24). The form of the style 
and stigma is seen in fig. 627. 

914 . Henslow gives the following tabular view of these various 
divisions—the letter I meaning ligulate flowers; f, flosculous; H, 
hermaphrodite ; ‘F, female ,• N, neuter ; M, male ; the relative position 
of the letters indicating the nature of the florets in the circumference 
and in the centre of the same capitulum ; and in the last three divi¬ 
sions, the letters having reference to the nature of the separate 
capitula:— 


Jussieu. 

(/ / f) Cynarocepbalfi?, 

()■/'' O Corymbiferae.... 

(i. L 1.') Cichoraceffl .... 

• • 


De Candolle. 

-^Tubiiliflorae 1. 

Lig^lifloraj 3. 
LubiatiflorsD 2. 
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(H. n. H.) 
(F. H. F.)) 
(N H. N.)/ 
(F. M. F.) 

[(H.)] 

{M.)-(F.) 
[(M.) (F.)] 


Heads of Flowers. 

Homogamoue. 

Heterogamous. 

Montpcioua.. 

Involucrate florets, 

Dia'cious. 

Ileteroceplialous.... 


Lfnnsean Orders. 
Polygamia atqualis. 

-superflua. 

-fru-stranea. 

- necessaria. 

-segregata. 


915. The plants of this order are variously distributed over all 
quarters of tlie world. According to the calculations of Humboldt, 
they constitute j-ofthephancrog.miousplants of France, ^ of Germany, 
of Lapland; in Not th America within the tropics of America J. 
Upon the authoiity of Brown, they only form of the Flora of the 
north ofNew Holland, and did not e.xceed in the collection of plants 
formed by Smith upon thewestcrn coast of Africa in Congo. In northern 
regions they are generally herliacccms, while in \\ arm climates they some¬ 
times becorneshrubhy, or even arl>oresccut. Cichor.aceso aboundin cold 
regions, while Corymbifera; are common in hot climates. The num¬ 
ber of known gomna amounts to upwards of IbOO, Comprehending 
9500 or 10,000 specie.s. Tliey arc considered as forming of the 
known sfiecies of |ilants and tliis seems to have been the proportion 
at different ])eriods. 'J'hus, Liuna-iis enumerates 785 Compositoe out 
of 8500 species of plants then known all over the world. 

CoiuiHtsit.i, Kii,n\ii SiKHiOMii thfi World. 

In 1809 . 2,800 27,000 

18.08 . 8,523 85,000 

18111 . 9,500 05,000 

Examples —Vernonia, Eupatorium, Aster, Belhs, Anthemis, Senecio, 
Centaurea, Carduus, Triptilion, Tri.iis, Cichonirai, Ilieracium, Sonchus. 

910. The plants belonging to this vast order have all more or less 
bitterness, which is sometimes associated with astringent, acrid, and 
narcotic qualities. 

Suborder Cynarocephalce. —The plants of this suborder are usually 
tonic and stimulant. The bitterness of the plants of this section is 
often much lessened by cultivation, so that they become esculent. 
'I’he root of Arctium Lappa (mojus and minus), Burdock, is bitterish, 
and has been used in the form of infusion as a substitute for sar¬ 
saparilla. The root, leaves, and fruits (often called seeds), are diapho¬ 
retic, diuretic, and alterative, Lappa edulis, in Japan, supplies 
edible roots. Aucklandia Costus, found in Cashmere, is said to be 
the ancient costus, the root of which was celebrated for its virtues. 
It has an aromatic, pungent odour, and is used for incense. In 
northern India it is called Koosht; in Bengal, Pnehak. The leaves 
of Carduus Benedictus, Blessed Thistle, were formerly used in medicine 
as a stomachic and diaphoretic. The blanched stems and leaf-stalks 
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of Cynara Cardunculus, Cardoon, are eaten, and so are the young succu¬ 
lent receptacles of Cynara ScoJipmis, the Artichoke. The dried flowei> 
of Carthamus tmctorius constitute Safflower, which yields a pink dye. 
The genus Cardans includes the various species tjf Thistle. What is 
denominated hy gardenei'- the Scotch Thistle, is Ompordam Acaii- 
t/iium, a doubtful native of Scotland, but not uncommon in England. 

917. Suborder Corymhijera >.—The plants of this .section have the 
general bittcrnes.s of the order, and some of them have an aromatic 
odour, from the presence of volatile oil. The flowers of Anthemis 
nobilis, Chamomile, are odoriferous, and yield a volatile oil, which is 
at first greenish or bluish, but afterwards yellowish brown. They are 
used as materials for fomentation, and an infusion of them acts as a dia¬ 
phoretic and emetic. An extr.act is made ftom them, having bitter 
tonic qualities. The essential oil is an excellent carminative. At/lhe- 
viis tiiwloiia supplies a yellow colour used for dyeing, ryrethrttiii 
J'artliemum, common Eeverfew, is aromatic .and stiniulimt. The root 
of Attacycliis Pynlhrum, Pellitory of Spain, or perhaps of A. ojfici- 
narvm, is an irritant and sialogoguc; its pioperties depending on the 
presence of a volatile oil. 'J'lissUayo Farfara, ('oltsfoot, has been used 
as a demulcent. The root of Inula Jldeniiim, Itlecarnpane, lues stimu¬ 
lant and expectorant qualities. It contains a white amylaceous mutter 
called Inulin. The species of Ar/rmisia are remarkable for their strong 
odour and bitter taste. The heads of flowers of Artemisia Alsinl/tituit 
(Absinthunn officinale, and vulgare), or Wormwood, and those of Arte¬ 
misia Saiilomea, and of other sjiecies, under the name of-Wormseed, 
are used as anthelmintics and tonics. Several of these species conttiin 
a crystalline bitter principle. Artemisia mutellina, and spicata are used 
in the preparation of a tincture or distilled spirit, called iti France, Eau 
or Creme d’Absinthc, which is in request among those who are ad¬ 
dicted to the pleasures of the t.able. The woolly leaves of Artemisia 
Moan are used in China to form the inflammalde cones or cylinders 
called Moxas, which are employed as counter-initants. Artemisia 
Dracuncuhts, Tarragon, is used in pickles and salads, and in the 
medication of vinegar. A. Ahiotanum is commonly called Southern¬ 
wood, and is used on the continent in the preparation of beer. 'J lie 
leaves of Tanacctumimhjare. Tansy', have stimulant antispasmodic pio- 
j'erties. They contain a bi'ler resin, and an aromatic volatile oil. 
Arnica montana. Mountain Tobacco, or Leopard's-bane, is an acrid 
stimulant. Its flowers, leares, and root-stock, are administered in 
nervous diseases, as well as in gout and rheumatism. The seeds 
(properly fruits) of Ileliarithus annvus, common Sunflower, contain a 
bland oil, and when roasted they have been used as a substitute for 
C^ee. The name Helianthus the sun, and ai/6ost a flower) 

is^rived from the popular supposition, that its large heads of flowers 
faifew the sun in its course (^f 486). The roots of Helianthus tube- 
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rosus, Jerusalem, or more properly, Girasole Artichoke, are used as 
substitutes for potatoes. Eupatorium Ayapana, and Mikania Ovaco, 
have been used to cure the bites of snakes. Ceradiafurcata is a 
peculiar branching coral-like plant, ■which grows in dry sterile places 
in the south and west of Africa, and yields a resinoid substance, called 
by some African bdellium. Madia saiiva has been cultivated on ac¬ 
count of its bland oil. The species of Lychnophora give a peculiar 
feature to the mountains of Minas Geraes in Brazil. They grow like 
Vellozias, and they are covered with a dense coat of long brownish- 
coloured wool, which is often used lor beds and pillows. 

918. Suborder Ciclwracem. —Most of the plants of this section yield 
a milky juice, which is bitter, astringent, and sometimes narcotic. By 
cultivation, some of them are rendered esculent. Cichoi-tum Intyhus, 
Wild Succory, or Chicory, is cultivated for the sake of its root, which 
is used as a substitute for, and as an addition to Coffee. The blanched 
leaves of Cuduniiiin Einhna cunsuiute Endive. Taraxacum Dens 
JjConis (or olJicinale), Dandelion, yields a milky juice, which, in the 
form of extract, has been used medicinally as a diuretic and alterative. 
It contains a bitter crystalline principle called Taraxaciiio. Its root is 
mixed with Colfee in the same way as Chicory. The inspissated juice 
of Lactuca saliva, common Lettuce, and of L. virosa, wild or strong- 
scented Lettuce, receives the name of Lactiicarium, or Lettnce-opiuni, 
and is used medicinally for allaying pain, and mdiicmg sleep. It con¬ 
tains a neutral active principle called Lactucin. Other species ofLac- 
tiica yield an inspissated juice having .similar qualities. Scorzonera is 
the esculent root of Scurzoii.era liispanica, while Salsafy is the root of 
I'ragopoyon porrijblius, which is called the Oystei'-plant in America. 
Many of the plants of the Cichoraccous section, such as lUevncium, 
Sonchus, and Tragopogan, act as horological and meteorological flowers 

483, 484), their cajiitula opening and clo.sing at certain periods of 
the day, and in different states of the weather. 

919. Order 107.— Rrunoninrea;, the Brunonia Family, (Monopet. 
Periyyn.) Calyx persistent, 5-partite, with bracts at the base. Corolla 
inserted at the'base of the calyx, monopetalous, nearly regular, wither¬ 
ing ; limb 5-parted, having central veins in its .segments, which divide 
at the top into two recurrent m.arginal veins; aj.stivatioii valvate. .Sta¬ 
mens 5, inserted with, but free from, the corolla, alternating with its 
segments; anthers articulated with the short filaments, dithecal, introrsc, 
dehiscing longitudinally. Ovary free, unilocular; ovule solitary, erect, 
analropal; style single; .stigma enclosed in a 2-valvedcup or indiisium. 
Fruit a utricle, enclosed in the hardened calycine tube. Seed solitary, 
erect, exalbuminous; embryo straight; cotyledons fleshy, plano-convex; 
radicle minute, inferior.—Stemless herbaceous jilants, with radical, 
exstipulate leaves, and capitate flowers, supported on scapes, and sur¬ 
rounded by an involucre of enlatged bracts. Natives of New Holland. 
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Their properties are unknown. .The order contains as yet only 1 genus, 
and 2 species. Example —Brunonia. 

920. Order 108.—Ciooiienincea;, the Goodenia Family. {Monopet 
Epigyn. and Perigyn.) Calyx persistent, usually equal, with 3-6 divi¬ 
sions, sometimes obsolete. Corolla inserted into the calyx, monopeta- 
lous, more or less irregular, marcescent or deciduous; its tube split at 
the back, and sometimes separable into five pieces, when the calyx 
only coheres with the base of the ovary; its limb 5-partite, uni- or 
bilabiate, the thin part of the segments being at the edges, which are 
foi led inwards in aestivation. Stamens 5, distinct, inserted with, but 
fi'ee from, the corolla, and alternate with its segments; anthers not 
articulated with the filaments,*dislinct or cohering, bilocular, with longi¬ 
tudinal dehiscence; pollen-grains either separate or united in fours. 
Ovary more or less united to the calycine tube, 1-2- or 4-celled, some¬ 
times with a gland at its base; ovules definite or 00, attached to a 
central, often free, placenta; style 1 , simple, rarely divided; stigma 
fleshy, undivided or 2-lobed, surrounded by a cup-like indusium. 
Fruit a 1-2- or 4-celled eajisule, or drupaceous or nut-hke. Seeds 
definite or indefinite, with a thickened, often hard testa; embryo 
straight, in fleshy albumen ; cotyledons leafy ; radicle inferior.—Herbs, 
rarely shrubs, not lacte.scent, with scattered, cxsfipulate, usually 
alternate leaves, and distinct, never capitate flowers. They are found 
chiefly in Australia, and in the South Sea Islands. Tlie leaves of 
Scm'oki 'J’licrada are eaten as potherb.s. Some superstitious quahtic'. 
.■irea.scribed to its berries '1 he pith, which is soft and spongy, is f.ishioned 
by the Malays into artificial flowers Scavola Bda-Modognia appeal^ 
to be emollient, and is used in India to bring tumours to a head. The 
order is divided into two suborders:—1. Goodenicte, with dehiscent 
capsular fruit, and numerous seeds. 2. Scmvoletu, with indchiscent, 
drupaceous, or nut-like fruit, and seeds solitary, or two in each 
cell. There are 14 known genera, according to Lindloy, and about 
150 species. Examples —Goodenia, Velleia, Leschenaultia, SctBvola, 
Hampiera. 

921. Order 109.—MijUdtacra-, the Stylidium or Stylcwort Family. 
(^Monopet. Eptg/jn.) Calyx adherent, persistent, with 2-6 divisions, 
bilabiate, or regular. Corolla gamopetalous, falling off late, limb 
tisually irregular, 5-6-partite, segments with a central vein ; atstivation 
imbricated Stamens 2 ; filane nts united with the style into a longi¬ 
tudinal column; anthers didyinous, rarely .simple, lying over the 
stigma; pollen simple, globose, or angultir. Ovary cohering with the 
calyx, bilocular, or by contraction of the dissepiment unilocular, often 
surmounted by one gland in front, or by two opposite^ ones ; ovules 
anatropal; style 1 ; stigma entire or bifid. Fruit a bivalvular, bilo¬ 
cular, or spuriously unilocular capsule, with septicidal dehiscence, 
beeds 00, small, erect; embryo minute, enclosed in fleshy, somewhat 
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oily albumen.—Non-lactescent herbs or nndershrubs, with alternate, 
scattered, tir somewhat verlicillate, entire, exstipnlate leaves. They 
are well distinguished by their gynandrous structure. The column 
formed by the union ol' the filaments and style, possesses, in tlie species 
of the genus Stylidiam, a jieculiar irrit,ability. It hangs down on one 
side of the flower, and when touched at the point of flexure, it springs 
over with considerable force from one side to the other. If not too 
far advanced to maturity, the column will recover its former position 
in the course of time. The flower may bo cut off carefully without 
disturbing the column, and the irritability contitiucs for a consider¬ 
able length of time if the liower is put into water. The movement 
is said to be conuected with tlie bursting of the anthers, and the dis¬ 
charge of the pollen on the stigma. T’iie cause of this movement is 
very obscure, but it seems to depend on some changes in the cells 
(If 497, G(!.5). The plants are principally natives of marshy places m 
New Holland. Some are found at the southern point of South 
Aniericti. There are 5 known genera, and 121 species. Examples — 
Sfylidiuin, Forsfeia. 

922. Older 119.— ('amponnlarrae, the TIarc-bell Family. {Monopf.t. 
Epitji/n.) (Fig. Calyx superior, usually .h-lobed ((ig'. C3G, 6.37 c),- 

siimetiuies 3-8-lot c cl, persistent. Corolla gamoiietalous, inserted into 
the top of the cal_\ x, usually u-lobod (lig. 25o), sometimes 3-8-lobed, 
regular, niarccsceut (fig. 4G1 e) , icsiivalion v.-ilvate (figs, 636, 637 f>\. 
Stamens inserted into tlie calv.x, alternating witli the corolline lobes, and 
equal to them in number; antliers bilocular, free (fig. 637 e) ; pollen 
spherical. Ovary more or less completely inferior, composed of two or 
more carpe(g; ovules indefinite (fig. (>38) ; style simple, covered with 
collecting hairs (fig. 637); stigma i.aked, simple, or wilh as mtiny 
lobes as there are ovarian cells (figs. 293 s, 637 s). Fiuit capsular, 
crowned with the withered calyx and corolla, dehiscing in a loculicidal 
manner by lateral apertures (figs. 461 if, 6.39), or by valves at tlie 
apex. Seeds 00, attacbed to a ccntial placenta; embryo straight, iu 
the axis of fleshy albumen ; radicle pointing to the liilitra (figs. 640- 
642).—Lacte,scent herbs or underslirubs, with alternate, raiely ojipo- 
site, exstipulate leaves. The hairs on the style are said to be retractile, 
and seem to be connected with the apjilieation of the pollen (^ 499). 
The flowers in most instances belong to the cyanic series. They are 
natives chiefly of northern and tempera-te regions. They abound in 
the alpine regions of Europe and Asia, and are also frequent in North 
America. Alphonse De Candolle states that tlie species whose capsule 
dehisces by lateral fissures are natives of the northern hemisphere, 
while those with apicilar dehiscence are jirinoip.ally found in the 
southern hemisphere. The milky juice found in the plants of this order 
has acrid properties. The roots and young shoots of Campanula Va- 
punculus, Kampion, are used as articles of diet. Lindley enumerates 
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28 genera, including 500 species. ExampUs- 
Jasione. 



■Campanula,^Plyjteuma, 




923. Orcl'.r 111.—i.«briince», the Lobelia Family. {Monopet 
Epigyn.) Calyx superior, O-lobed or entire. Corolla garaopetalous, 
inserted on the calyx, irregular, more or loss deeply 5-cleft. Stamens 
6, attached to the caly.x, alternate with the segments of the corolla; 
anthers cohering ; pollen oval. Ovary inferior, l-3-cel!ed; ovules 00, 
attached cither to central or parietal placentas ; style glabrous, with a 
fringe of hairs below the stigma. Fruit a 1- or many-cclled capsule, 
with apicilar dehiscence. Seeds numerous; embryo straight, in the 
axis of fleshy albumen; radicle pointing to the hilum.—Lactescent 
herbs or shrubs, with alternate, exstipulato leaves. They are found 
both in temperate and warm countries. 'I'herc are 27 known getiera, 
and 375 species. Examples —Lobeha, Sijihocampylus, Clintonia. 


Figs. 635-W2.—Organs of fructification of Campanula Rapunculu-s, Ramplon, to illustrate the 
natural order Campaiiulticeic. 

Fig. 636.—Diagram of the fiower, showing five dnisions of the calyx, five divisions ol the 
corona alternating with them, five altei luiiing ‘'r.inH iis, and five cells cd the ovaiy. 

Fig. 636.—Flower-t)U(l. c, Cnlyx Hillicicut to ihc o^ ary. J>, Corolla, with valvate testivatlon. 

Fig. 637—Vertical section ot the flout r c (lulyx cohering!: witli the ovuiy, o. p, Gamo- 
petalouscorolla, c, Stainens with bilotulai iintlieis s, Lohfd stjginaut tlic apex of the style, 
which is covered with collecting bans, o, Ovaiy containing nuincrous ovules attached to a 
central placenta. 

Fig 638.—Horizontal section of the ovary. 

Fig. 639.—Frait crowned by the lirab of the calyx, dehiscing by openings at the base 

Fig 640.—Seed in an entire state. 

Fig. 64L—Seed cut vertically, p, Pcvisjicrm falhuiiKn) t, Straight cmbiyo in the axis of 
the albumen, with the radicle pointing to iho liHum 

Fig. 642.—Embryo detuclied, showing its foiin, the cotyledons and radicle. 



GESSERACE^—STYRACACE^ 


463 


924. Acridity prevails more or less in the order. The milky juiee 
of some, such as Lobelia urens, is said to be vesicant. Lobelia mflala, 
Indian Tobacco, a native of North America, is nsed medicinally as a 
sedative, expectorant, and antispasmodic. It is chieily administered in 
cases of asthma. The whole plant is active, but the root and capsules 
are said to be most powei ful. In large doses, the plant acts as a nar- 
cotico-acrid poison. It owes its pru])ertics to a bitter principle called 
Lobelein. The root of Lobelia sypliihlica is acrid and emetic. The 
milky juice of some of the plants of the order contains a considerable 
quantity of caoutchouc. 

925. Order 112.— the Geshcra Family. {Monopet. 

Pevigyn.) Calyx partially adherent, i6-partite ; {estivation valvrite. 
Corolla monopetalous, tubular, more or less irregular, 5-lobed ; {estiva¬ 
tion imbricated. Stamens 4, didynainous, with the rudiment of a Sth, 
rarely 2; anthers dithecal, with a thick swollen connective. Ovary 
partly free, ttnilocular, formed by two carpels with parietal placentas, 
which are 2-lobed ; ovules indclinite, anati opal; style continuous with 
the ovary ; stigma cajfitatc, concave, glandular or annular. Disk sur¬ 
rounding the base of the ovary. Fruit capsular or succulent, 1-celled, 
more or le.5S adherent. Seeds bO, minute; testa thin, finely and 
obliquely veined ; embryo erect in the axis of fleshy albumen ; radicle 
pointing to the liilum.—Herbs or shrubs, often spiinging from scaly 
tubers, with opposite orwdiorlcd, rugose, exstipulate leaves and showy 
Hewers. They are found principally in the warmer regions of America, 
and are interesting chiefly on account of their beauty, for they do not 
appear to possess any important qiudities. There are 22 known genera, 
and upwards of 120 species. Examples —Gesnera, Columnea, Gloxinia, 
Achimenes. 

926. Order 11,3.—Styraraceae (Symplocinea? of Don), the Storax 
Family. (Monopet. Perigyn ) Calyx per.sistent, with an entire or a 
5- or 4-divided limb. Corolla gamopctalous, regular, inserted in the 
calyx; {estiv.ation imbricated or valvate. Stamens definite or 00, 
attached to the corolline tube, of unetjual length; filaments often 
slightly united at their base iu one or more parcels; anthers innate, 
dithecal, introrse. Ovary either free or cohering more or less to the 
calycine tube, 2-5-celled, the .septa occasionally deficient towards the 
centre; ovules 2-4 in each cell or 00. pendulous, sometimes the upper 
ones ascending; style simple ; stigma simple. Fruit enclosed in the 
calyx, drupaceous, usually unilocular by abortion. Seeds usually 
solitary, erect or suspended ; embryo slender, in the axis of fleshy 
albumen; cotyledons flat, foliaccous; radicle long, pointing to the 
hilum.—Trees or shrubs, with alternate, exstipulate leaves, and 
frequently stellate hairs. Tliey are chiefly natives of warm countries. 
There are two sections:—1. Styrace®, with a more or less valvate 
ajstivation of the corolla, and long anthers. 2. Symplooe®, with 
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a qnincuncial corolline aestivation, and roundish anthers. Lindley 
gives 6 genera, including 115 species. Examples —Styrax, Halesia, 
Syinplocos. 

927. The plants of the order have in general stimulant, aromatic, 
and fragrant properties. Styrax officimile, a tree inhabiting Syria, 
Arabia, and the southern parts of Euroj)e, is supposed to be the 
source of the balsamic resinous substance called Storax. The resinous 
juice is procured after incisions or punctures by insects. Common 
Storax is imported into Britain from 'I'rieste, in the fornt of little cakes, 
having a balsamic odour. Besides rosin and a little volatile oil, it 
contains from l-2i per cent of Benzoic acid. It hits been employed 
medicinally as a jtector.'d remedy. Styrax Benzoin is ;i tree 70 or 80 
feet high, a native of Sumatra and Borneo, which yields by incisions 
the concrete balsamic exudation called Benzoin. VV'hen fine, this 
substance contains about 80 per cent of re.sin, and nearly 20 of Ben¬ 
zoic acid. It is used medicinally as a stiundant expectorant, and is 
one of the ingredients in the celebrated Friar’s balsam. It exists also 
in other empirical remedies, such as Kiga balsam and Jesuits’ drops. 
Benzoin is generally used for fumigation and incense. Pastilles are 
made by mixing it with balsam of tolu, sandal-wood, labdanum, char¬ 
coal, nitre, gum, and tragacanlh. llalesias are the Snow-drop trees 
of Caroling Some of the species of Syinplocos are used fur dyeiitg; 
others are used as tea. 

928. Order 114.—ColumclUacea'.theCcdumelliaFamily. {lifonoplkt. 
Epigyn.) Calyx superior, (piinqiiepartite. Corolla rotate, inserted 
into the calyx, 5-8 parted ; mstivation imbricate. Stamens 2, inserted 
in the throat of the corolla ; antheis roundish, 3-lobed, extrorse, each 
consisting of six linear sinuous cells, arranged in pairs, dehiscing longi¬ 
tudinally, and attached to a o-lobed fleshy connective Disk fleshy, 
perigynous. Ovary adhering to the cidycine tube, 2-celled ; ovules 
00; style simple, smooth ; stigma capitate, 2-lobed. Fruit, a bilocular, 
bivalvular capsule, with both septicidal and loculicidal dehiscence. 
Seeds 00; testa smooth and coriaceous ; embryo straight, in the axis 
of fleshy albumen; cotyledons oval, obtuse; radicle long, pointing to 
the hilum.—Evergiecn .shrubs or tiees, with opposite, entire, exsti- 
pulate leaves, and solitaiy yellow flowers. Natives of Mexico and 
Peru. Their projieities unknown. There is 1 genus mentioned, 
including 3 species. Example —Columellia. 

929. Order 115.—Vacolniaceee, the Cranberry Family. {Afonopet. 
Epigyn.) Calyx superiorj entire, 4-G-lobed. Corolla monopetalous, 
4-6-lobed; leslivation imbricated. iStaniens distinct, 8-12, inserted 
into an epigynous disk; anthers bilocular, with two born-like cells, de¬ 
hiscing by pores (fig. 335). Ovary inferior, 4-5-celled; ovules 00; 
style simple; stigma simple Fbuit succulent, crowned by the per¬ 
sistent limb of the calyx. Seeds 1 or many in each cell, minute; em- 
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bryo straight, in the axis of fleshy albumen ; cotyledons very short; 
radicle long, inferior—Shrubby plants, with alternate, undivided, 
exstipulate leaves. They are closely allied to Ericacose, and differ from 
that order chiefly in their adherent (inferior) ovary. ITiey are natives 
of temperate regions, and some of them are marsh plants. Some are 
astringent, others yield subacid edible fruits. Cranberries are pro¬ 
duced by Vaccinittm Ox7/cor.ciis ( Oxt/coccus palusti'is of some), and V. 
macrocarpuin. V. Vitis-idwa, rod Whortleberry, or Cowberry, yields 
a fruit which is often used as a substitute for Cranberries. The leaves 
of the plant are sometimes used to adulterate Uva-Drsi. V. vliginnuum, 
found in alpine countries, produces the black whortleberry. Vaccinium 
Myrtillus yields the Bilberry or Blaeberry. There are 1.5 genera 
and 200 species. Examjiles —Vaccinium, Oxycoccus, Thibaudia. 

Subcla^iS in —COROI L1FI.OB.V.. 

Calyx and corolla present. Corolla gamopetalous, hypogynous, 
usually be.aring the stamens. It includes the hypogynous rnono- 
petalous and gamopetalous orders of Jussieu and Endlicher. 

930. Order 11G.— F.rJcafese, the Heath I'amily. (M<mopet. Ilijpng.) 
Calyx 4-5-cleft, nearly equal, jjorsistent. Corolla inserted at the base 
of the calyx, or hypogynous, monopetalous (fig. 298), 4-5-cleft, some¬ 
times tetra- or pentapetalous, regular or irregular, often marcescent; 
sestivation imbricated. Stamens definite, e(;ual in number to the seg¬ 
ments of the corolla, or twice as many, inserted with the corolla, and 
either free from it or attached to its base ; anthers 2-celled, cells hard 
and dry, bifid (fig. 336), usually having appendages at the base 
(fig. 338 a) or apex, deluseing by apioilar ])ores (fig. 340) or clefts. 
Ovary free, surrounded at the base by a disk or scales, multilocular; 
ovules 00, attached to a central placenta; style 1, straight; stigma 1, 
undivided (fig. 408), or toothed. Fruit capsular or baccate, many- 
celled, with loculicidal or scepticidal dehiscence. Seeds 00, minute; 
embryo cylindncal, in the axis of fleshy albumen; radicle next the 
hilum.— Shrubs, undershrubs, or herbaceous plants, with evergreen, 
often rigid, entire, verticillate, or opposite, exstipulate leaves. The 
order contains many beauliftil and showy plants, which abound at the 
Cape of Good Hope, and wdiich are found also in Europe, North and 
South America, and Asia. The order has been divided into tlie fol 
lowing suborders:—L Erieca). with the te.sta closely adherent to the 
kernel, including the true Heaths with naked buds, and the Rhododen¬ 
dron tribe with scaly conical buds. 2. Monotropea?, seeds having a 
loose winged testa, including the true Monotropas or Fir-rapes, scaly 
plants, with longitudinally or transversely dehiscent anthers, and 
Pyrolete, or the Wintergreen tribe, leafy plants with porous anthers. 
There are 52 known genera, and nearly 880 species. Examplm — 
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Erica, Calluna, Menziesia, Andromeda, Arbutus, Ehododendron, 
Azalea, Monotropa, Pjrola. 

9^1. The plants of the order are not distinguished for medicinal 
virtues. None of the species of Erica are put to any use. There are 
six species of the genus natives of Britain ; two of which, E. cinerea 
and E. Tetralix, are common; two are peculiar to Ireland, E. Mac- 
kaiana and E mediterranea; and two are common to England and 
Ireland, E. cUiaris and E. vagans. Calluna vulgaris, is Ling, or the 
common Heather. It li.as astringent (jualities, and has been used for 
dyeing. It is commonly made into brooms. The leaves of Arbutus, 
or Arctostapliglos (Iva-Ursi, Bearberry, are used as astringents, 
especially in chronic mucous discharges. Many of the species of 
JlhododendrOH. Azalea, Kahnia, Androntedu, and Ledum, have poi¬ 
sonous narcotic qualities. Tliese properties are well niaiked in liho- 
dodendron C/irgsanlhnin. a Sil)er[.an spi‘cies. It is said that Azalea 
poniica was the plant, the flowers of winch yielded the poisonous honey, 
noticed by Xenophon in his account of the retreat of tlic 10,000. 
The fruits of many plants belonging to the order are eatable. Caul- 
theria prociiinbens and ri/ndhii are American shrubs, which furnish 
succulent and grateful berrie.s. They yield a volatile oil. A7-b(/tus 
Unedo is called Strawberry-tree, from its fruit resembling a straw¬ 
berry in aspect. It is, however, by no means agreeable as an article 
of food, and the specific name m.iy possibly indicate, that to eat one is 
sufficient. The plant grows at the Bake s of Killarney in a native 
state. Chimaphila (Ei/rola) umhellatii, a North American plant, has 
been employed as a tonic and diuretic 1'he leaves have a bitter 
astringent taste, and the fre.sh plant is irritant. 

932. Order 117.—Epacrlilacese, the Epacris Family. {Monopet. 
Ilgpog.) Calyx .5- rarely 4-parted, often coloured, persistent. Co¬ 
rolla inserted at the base of the calyx, or hypogynous, deciduous or 
marcescent, nionopetalous. sometimes separable into 5 petals; limb 
with 5, rarely 4, equal divisions, sometimes by the cohesion of the 
segments, bursting transversely; estivation imbricated or valvate 
Stamens ihserted with or on the corolla, equal in number to, and 
alternate with its segments, rarely fewer; anthers 1-celled (fig. 327), 
without appendages, opening longitudinally ; pollen round, or formed 
of three united grains, attached to a single central receptacle. Ovary 
sessile, free, multilocular, rarely unilocular, surrounded by scales at 
the base; ovules solitary or 00 ; style 1 ; stigma simple, sometimes 
toothed. Fruit drupaceous, baccate, or capsular. Seeds albuminous; 
embryo slender, in the axis of fleshy albumen, and about half its length. 
—Shrubs, or small trees, with alternate, rarely opposite, exstipulate 
leaves, which are sometimes half-amplexicaul at the base. They are 
alU|ttto Ericaceffi, and seem to occupy the place of heaths in Australia. 

distinguished from heaths by the structure of their anthers, 
^^e yield edible fruits One of the plants, called Native Currant 
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in Australia, is Leucopogon Eickei. The order has been divided into 
two sections:—1. Epacrea;, polyspermous. 2. Styphelieas, mono- 
spermous. There are thirty known genera, and 320 species* Ex¬ 
amples —Epacris, Sprengelia, Styphelia, Leucopogon, Lissaiithe. 

933. Order 118.—Ebenace*, the Ebony Family. (Monopet. Hgpog.) 
Flowers hermaphrodite or unisexual. Calyx 3-7-divided, nearly 
equal, pei sistent. Corolla ganiopetalous, regular, deciduous, somewhat 
coriaceous; limb with 3-7 divisions; aestivation imbricated. Stamens 
either attached to the corolla, or hypogynous, 2 or 4 times as many 
as the corolline segments, rarely equal to them in number, and then 
alternate with them; filaments usually in two rows, the inner row 
having smaller anthers; anthers erect, lanceolate, bilocular, with 
longitudinal dehiscence. Ovary free, sessile, multilocular; ovules 
1-2 in each cell, pendulous; style divided, rarely simple; stigmas 
bifid or simple. Fruit lleshy, round or oval, the pericarp sometimes 
opening regularly. Seeds few ; testa membranous; embryo straight, 
nearly in the axis of cartilaginous albumen; cotyledons leafy; radicle 
taper, next the liiluni.—Trees or shrubs, not lactescent, with alter¬ 
nate, exstipulato, coriaceous h*aves. They are chiefly found in tro¬ 
pical regions, and many species are met with in India. The plants 
are in general remarkable for the hardness and durability of their 
wood. Some yield edible fruit. Dio.spgros Ebenus and other African 
and Asiatic species, supply Ebony, which is the black duramen of the 
ti'ee. Other species of Diospyros furnish Ironwood. Diospyros 
virginiana, the Tersimmon, yields a fruit (sometimes called the Date- 
plum) which is austere when green, but becomes sweet and eatable 
when ripe, especially after being acted on by frost. Its bark has 
been employed as a febrifuge. JJ. Kah is the Keg-fig of Japan, the 
fruit of which resembles a plum. iJui.yiyni.s hirsiita and a variety of 
D. Eheiiasier, sujiply the Coiomaudel oi Calamauder wood of Ceylon. 
Genera 9, species IGO. E.caiiiples —Diospyros Uoyena, Maba. 

934. Order 119.—Aqnifoiiaccai (Ilioineae of some), the Holly Family. 
(Afonopet. Ihipog) Sepals 4-0; aestivation imbiicated. Corolla mono- 
petalous, hypogynous, 4-C-]'aited; aesiivation imbricate. Stamens 
inserted into the corolla, alternate with its segments, and equal to 
them in number; filaments straight; anthers adnate, bilocular, in- 
trorse. Disk 0. Ovary free, fle.shy, somewhat truncate, 2-C-celIed ; 
ovules solitary, anatiopal, pendulous from a cup-shaped funiculus; 
stigma nearly sessile, lobed. Fruit fleshy, indehiscent, with 2-6 mono- 
spermous nucules, and hence it is sometimes called a nuculanium 

553). Seed suspended; albumen large, fleshy; embryo small, 
lying next the hilum ; cotyledons small; radicle superior.—Evergreen 
trees or shrubs, with alternate or opposite, coriaceous, simple, exsti- 
pulate leaves. They are found in various parts of the world, as in 
Europe, North and South America, and Africa. Lindley enumerates 
11 genera, including 110 species. Examples —Ilex, Prinos. 
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935. Astringent and tonic properties seem to pervade the order. 
Ilex Aquifolium, the common Holly, is a native of Europe, and is one 
of tm indigenous plants of Britain. It forms excellent fences and 
hedges. At Tynningham, in Scotland, there are 2952 yards of holly 
hedges, most "of them upwards of 130 years old. These hedges vary 
in height from 10 to 23 feet, and they are 9 to 13 feet wide at the 
base. The leaves and bark of the Holly are said to possess tonic and 
febrifuge properties; while its succulent fruit (beri ies) are emetic and 
purgative. Haller recommends the juice of the leaves in icterus. Its 
,vpood is white and hard, and is much esteemed in turnery, joinery and 
cabinet work, while Us bark furnishes bird-lime. Ilex Paraguayensis 
furnishes Yerba Mate or Paraguay Tea, which is used extensively in 
some districts of South America. The leaves of the pl/uit yield the 
bitter principle called Theine, which has heen mentioned as existing 
in Tea and Cotfee. Other sjiecies of Hex ate employed in Brazil for a 
similar purpose. The black drink of the Creek Indians is prepared 
from the leaves of Ilex vomitoria. 

93G. Order 120 —Mapoiocca, the Sappodilla Family. {Monopet. 
llypog.') Flowers hermaphrodite. Caly.x regular, with 5, sometimes 
4-8 divisions, persistent; aestivation valvate or imbricate. Corolla 
monopetalous, hypogynous, deciduous, regular, its lobes equal to, rarely 
twice or thrice as nitiny .as those of the ciilyx. Stamens inserted on 
the corolla, detiuite, distinct; fertile ones as many as, rarely more than, 
the segments of the caly.x, with which they alternate; sterile ones al¬ 
ternating with the fertile ones, rarely wanting. Disk 0. Ovary free, 
multilocular; ovules solitary, .anatropal, ascending or pendulous ; style 
1; stigma simple, sometimes lobed. Fruit Heshy, multilocular, or by 
abortion unilocular. Seeds nut-like, solitary ; testa bony and shining, 
with a long scar on its inner face ; embryo large, erect, white ; albumen 
usually fleshy, sometimes 0; cotyledons in the albuminous seeds, folia- 
ceous, in the exalbuminous, fle.shy; radicle straight or slightly curved, 
pointing to the hilum.—Lactescent trees or shrubs, with alternate, ex- 
stipulate, entire, coriaceous leaves. They are natives chiefly of the 
tropical parts of India, Africa, and America. A few are found at the 
Cape of flood Hope. The number of known genera noticed by Bindley 
is 21, species 212. Eja;npks —Chrysophyllum, Achras, Bassia, Iso- 
nandra, Mimusops. 

937. Many of the plants of this order yield edible fruits, while others 
supply oily matter. Some act as tonics, astringents, and febrifuges. 
Achras Sapota, and other sjiecies, furnish the Sappodilla Plum and 
Naseberry, well known West Indian fruits; while Achras mammosa 
yields the fruit called Marmalade. The bark of some of the species of 
Achras is tonic and astringent, and the seeds of several have laxative 
properties. The fruit of Chrysophyllum Cainito is the Star-apple. 
Anpther species of the genus supulics the Surinam Medlar of Euro- 



MTRSINACEjE—JASMINACEAF. 


469 

peans. Various species of Bassia yield oil. B. Parkii is said to be 
the source of the Shea butter, and hence the tree is called the Butter- 
tree of Park. B. hutyracea, the Madhuca tree, gives a similar*pro- 
duct, which is used as butter in Niptil. The milky juice of some of 
the plants contains clastic matter. Isonandra Gutta is the source ot 
Gutta Percha, a kind of caoutchouc, which softens at a moderate 
temperature, and is now extensively used for the soles of shoes, ropes, 
straps, ciists, iind various articles for domestic use. The kernels ot 
Lucunia mcnmitom contain prussic acid. 

938. Order 121.—Mriwitinoow, the Myrsine Family, (ifonopetf 
Hypog.) Flowers lierinaphrodite or occasionally unisexual. Calyx 
4-5-cleft, persistent. Corolla monopetalous, hypogynous, 4-5-clefi:, 
equal. Stamens 4-5, inserted into the corolla, and opposite to its 
segments; filaments distinct, rarely united, sometimes 0, occasionally 
5 sterile petaloid alternating ones; anthers sagittate, erect, bilocular, 
with longitudinal dehiscence. Ovary free or slightly adherent, unilo¬ 
cular; ovules definite or indefinite, campylotropal, immersed in a free 
central placenta; style single ; stigma simple or lubed. Fruit fleshy, 
T or many-seeded. Seeds angular or roundish, with a concave hilum, 
•and a memViranous spermoderm ; albumen horny; embryo usually 
curved, often heterotrop.al; cotyledons .short; radicle horizontal when 
the seed is sfihtary, inferior when there are several seeds.—Trees, 
shrubs, or undershrubs, with alternate or opposite, coriaceous, exsti- 
pwlate leaves. They are much restricted as regards their geographical 
limits, and they are said to abound chiefly in islands with an equable 
temperature They are found in Africa, Asia, and Ameiica. Little 
is known regarding their properties. Theophrasta Jusnimi is a prickly- 
leaved shrub, which is called Coco in St. Domingo. Its seeds are 
eatable, and a kind of bread is made from them. The berries of Myr- 
sine hifwia are said to possess cathartic properties. The Ardisias are 
prized for the beauty of their foliage. There are 31 known genera, 
and 325 species. Examples —Myrsine, Ardisia, M.^esa, Jacquinia. 

939. Order 122.—.laNunnarra;, the Jasmine or Jessamine Family. 
{Monopet. Hypog.) Flowers ^ . Calyx with 5-8 divisions or teeth, 
persistent. Corolla monopetalous, hypogynous, regular, salver-shaped, 
with 5-8 divisions; eestivation twisted or valvate. Stamens 2, inserted 
on the corolla, included ; anthers bilocular, with longitudinal dehis¬ 
cence. Disk 0. Ovary free, 2-celled ; ovules erect, anatropal, 1-4 in 
each cell; style 1; stigma 2-lobeJ. Fruit a double berry, or a pyx- 
idium, or a 2-valved capsule. Seeds usu.ally solitary, rarely in pairs, 
albuminous or exalbuniinous; embryo straight; radicle inferior.— 
Shrubsoften with twining stems, and opposite or alternate,pirmateleaves. 
They abound chiefly m the tropical parts of India. They havefrequently 
flagrant flow ers which yield oils, and their leaves and roots are some¬ 
times bitter. The essential oil of Jasmine is procured fiom Jasminum 
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offianalt, grandijlorum, odoratissimum, and Samhac, The bitter root 
of Jasmxmm angustifolium, ground small and mixed with powdered 
Acoftis Calamus root, is considered in India as a valuable external appli¬ 
cation in cases of ringworm. In the East Indies the tube of the corolla 
of Nyctanthes Arbo7'-tristis is used as an orange dye There are 5 known 
genera, and 100 species. Examples —Jasminum, Nyctanthes, Bolivaria. 

940. Order 123.—Oiracew, the Olive Family. {Monopet. Hypog.) 

(Fig. 254.) Flowers 5 , sometimes S 2 ■ Calyx gamosepalous, 
divided, persistent. Corolla gamopetalous, hypogynous, 4-cleft, some- 
.times of 4 petals, which are connected in pairs by means of the fila¬ 
ments, sometimes 0, asstivation somewhat valvate. Stamens 2 (rarely 
4), alternate with the corolliue segments; anthers dithecal, with longi¬ 
tudinal dehiscence. Disk 0. Ovary flee, 2-cellod; ovules in pairs, 
collateral or pendulous; style 1 or 0; stigma entire or bifid. Fruit 
drupaceous, baccate or capsular, sometimes samaroid (fig. 437). Seeds 
often by abortion solitary; albumen dense, llcsliy. abundant; em¬ 
bryo straight, about half the length of the albumen; cotyle¬ 
dons leafy; radicle superior.—Trees or shrubs, with opposite leaves 
(fig. 254), which are either simple or compound. Found chielly in 
temperate regions. They occur in North America, Asia, Europe, and 
New Holland. There are two .seclion.s of the order:—1. Olete, with 
a drupaceous or berried fruit. 2. Fruxineac, with a samaroid (winged) 
fruit. Bindley mentions 24 genera, including 130 species. Examples 
—Olea, Ligustrum, Fraxinus, Syringa. , 

941. The plants of the order are bitter, tonic, and astringent, and 
some yield fixed oil. Olea europwu Is the Olive-tree, the n’l of the 
Bible, the sAai* of the Greeks. It grows naturally on the coast of 
the Mediterranean, and is cultivated in many parts of the south of 
Europe. There are several varieties of the plant, two of which have 
been long distinguished—the wihl and cultivated. The former is an 
evergreen shrub or low tree, with spiny branches and round twigs; 
the latter is a taller tree, without spines, and with four-angled twig.s. 
The fruit is a drupe, about the size and colour of a damson. Its fleshy 
pericarp yields by expression olive oil, of which the finest comes from 
Provence and Florence. It consists of two oleaginous principles— 
Margarin and Elain. Olive oil has nutrient, eniollient, and laxative 
properties. It is used in forming ointments, liniments, and plasters. 
'The bark of the Olive-tree has been used as a tonic; and a resinous 
exudation from it, called Olivile, or Olive-gum, or Lecca-gum, is em¬ 
ployed in the same way. Spanish or Castile soap is made by mixing 
olive oil and soda, while soft soap is made by mixing the oil with 
potash. The flowers of Olea fragrans, the Lan-hoa of the .Chinese, 
are used to perfume teas. Several species of Ornva, more particularly 
O. rotandifolia and 0. europcea, yi.eld a sweet exudation called Manna, 
a substance completely difierent from the (manna) of the Bible, on 
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which the Israelites fed. The Manna or Flowering Ash is a native 
of southern Europe, and grows abundantly in the south of Italy and in 
Sicily, whence the Manna of commerce is imported. The tree attains 
a height of 20 or 30 leet, and it has a fine appearance when its 
clusters of white flowers are produced. There is a very line Manna- 
ash in the Edinburgh Botanic Garden. Manna is the concrete juice 
of the tree, which flows out after incisions or insect-punctures. It 
contains a peculiar sweet principle called M.innite. Manna is nutri¬ 
tive and laxative, and is sometimes administered to infants and young 
children, on account of the mildness of its action. Syringa vulgaris, 
common Lilac, has ti lebril'uge bark, which is e.\tensively employed by 
the peasants in Brenne, for the cure of the endemic intermittent fever. 
According to Meillet this (juality is owing to a principle which he calls 
Lilacine. Fraxinus excchtor, the common Ash, is one of the trees which 
comes late into leaf, and the leaves of which fall off e.arly in autumn. 
.Some specimens attain the height of 7b, flb, or 100 feet, with a cir¬ 
cumference of 20 or 30 ft-ct. The wood of the tree is tough and elastic, 
and is used for oars, as well as by coachmakors, &c. The wood of its 
roots is beautifully veined. 'J’he pendulous variety, called'Weeping- 
ash, is often engrafted on the common Ash, so as to produce a better 
effect. The leaves of Ligmlrum vulgare, common I’rivet (fig. 254), 
are astringent. L. Ineidiuu yields a kind of waxy excretion, which is 
used in tfliina for economical purposes. 

942. Order 124.—A»ilfpin<lacfap, the Asclepias Family. (Monopet. 
Hyjiog.') (Figs. 353, (113-051). Calyx 5-divided, persistent (fig. 
040 c.) Corolla synpetalous (raonopctalous), hypogynous, regular, 
5-lobed (figs. 014, 045 ytp), deciduous; a-stivation imbricate, rarely 
valvate. Stamens 5, inserted into the base of the corolla, and alternate 
with its segments (fig. 010 e); filaments usually combined so as 
to form a tube; staminal tube rarely naked behind, generally fur¬ 
nished with a corona (crown) of variously-formed leaves, which are 
either distinct or connate. Anthers bilocular, each cell sometimes 
spuriously divided; pollen, when the anther dehisces, cohering in 
masses (pollinia), which are either as numerous as the cells, or are 
confluent in ]>nirs, and adhere to the five stigmatic processes, either in 
sets of two or four, or singly (figs. 349, 353, C47). Ovaries 2 (fig. 
G4() o); ovules OO ; styles 2, closely approaching each other (fig. 
(146 s), often very slioit; stigma common to both styles, dilated, 
quinquangiilar; the angles furnished with cartilaginous corpuscles 
which retain the pollinia, or with glands (figs. 645, 646 g). Fruit 
consisting of two follicles (sometimes only one by abortion) having 
a placenta on the ventral suture (fig. 619). Seeds 00, imbricate, 
pendulous, usu.-illy comosc (hairy) at the hilum (fig. 650); albumen 
thin (fig. 651 p); embryo straight; cotyledons leafy; radicle superior 
(fig. 651 e). —Shrubs, or occasionally herbs, usually with milky juice, 
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and often twining. The leaves are usually opposite, sometimes 
alternate or verticillate, with interpetiolary cilia in place of stipules. 


G4S 



6,*o 


The gynostegium {yvurt, pistil, and ortym, I cover), staminal crown 

Fip-B. 643-C51.—Organa of fructification of Asckpias nivea, to illustrate the natural order 
A8( Icpiadaceie. 

Fig. 643.-Diagram of the flower, with fi\e divisions of the calyx, five segments of the corolla, 
five stamens, and t\voovtnjt'S. 

Fig 644.—The entile flower Corolla, with five lobes a, Appendages forming the starainal 

cixiwn (corona) 

Fig 645—The flower viewed fioin above, p p, Gainoj.etalou'i corolla with its flve lobes. 
a a. Appendages fonnmg the corona or ciown g tj, Glundulai bodies attached to the atigiim, 
and bearing the pollen-masses (pollinia). 

Fig 646.—llie floM-^er cut veilicallv c, Ciiljx yi, Coiolla. rt a. Coronal appendages, e, Sta¬ 
mens 0 , Ovary «, Styles which arc united at the upper pai t by means of the large stigma, 
at the base of which, towards the points, p p, the pollci. tubc« entei 

Fig 647.—Two pollen-masses, w, attached by two jtrulongation.s, «/, in the form of a caudicle 
or tail, to another body, g, loimed by the union of two stiginaiie glunda p, rollcn-gralns with 
tubes beginning to escape from the muswes 

Fig. 648.—One of the pollen-grains, with its tube separated and highly magnified. 

Fig. 649.—Fruit at the penod of dehiscence. //, Two tidliclc’S. p. Placenta, which is de¬ 
tached, -it, Comoae seeds. 

Fig. ®0.—One of the comnsc seeds separated, a, The Imiry appendage at the hilum. 

t'lg. ew.— Seed separated fi om the hairs and cut vertically t e, External integument 1 1 , In- 
temaJ Integument p, Peiisporm or thin albumen. «, Embryo, with leafy cotyledons and 
superior lavUe. 
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or peculiar-hooded (cucullate) appendages, prolonged from the tube 
of the filaments, which occur in many of the plants of this order, 
give a peculiar aspect to their llow'cr (see fig. 333). 'riioy inliabit 
chiefly warm and tropical regions, but many species extend to 
northern climates. Many succulent sjn^cies are found in the south of 
Africa. In tropical India and Kew Holland, and in all the equi¬ 
noctial parts of America, they also abound. Lindley enumerates 
141 genera, including 910 species. Examples —Periploca, Asclepias, 
Calotropis, Cynanchum, Gonolobus, Stapeha, Iloya, Dischidia. 

943. The plants of the order have acrid, purgative, emetic, and 
diaphoretic properties, 'f’he milky juibe is usually bitter and acrid, 
blit occasionally it is bland, and is used as mdk, as in the case of 
Gymnema lactiferum, the ('.ow-pkmt of Ceylon, Asdepms itiherosa, the 
Butterfly-weed, or Pleurisy-root, is used as a cathartic and diaphoretic 
in North America. The emetic propel tics of Asdepias curasstivica 
have secured for it the name of Wild Ii>ecacuanba, in the West Indies. 
The leaves of Sulenostemma {Cynaiidniiii) Aryel, are used to adulterate 
Alexandrian Senna. 'The Iragrant roots of Ilemidcsmus indicus are 
used in Madras as a substitute for Sarsajiatilla, under the name of 
Country Sarza. The baik of the root of several species of Calotropis, 
such as C. ptoeexa, llaindfoini, atul yiy/intea, furnidi the substance 
called Mudar, which is used as a di.iplioretic in India. It contains a 
principle called Mudarine, which gelatinizes on being heated, and 
becomes fluid on cooling. Ct/nandium mouspeliacuvi furnishes 
Montpellier Scammony, and Eeiiploca viauriliana is the source of 
Bourbon Scammony. Both of these substances act as purgatives, and 
are used to adulterate true Scammony. Mnrsdenia tbictoripi. and 
Gymnema tingens are said to yield a dye similar to indigo. The milky 
juice of many of the plants contains caoutchouc in its composition. Jloya 
carnosa receives the name of wax-flower from the peculiar asjiect of 
its blossoms. Dischidia Rajjlesiana, an Indian climber, has remarkable 
ascidia 1G4). The Stapelias are singular plants, resembling some 
of the Cactuses and Euphorbias. Theii blossoms are often very fetid, 
and hence they are called Carrion flowers. Some of the species of Ascle¬ 
pias receive the name of Wild Cotton, on account of the hair.s attached 
to their seeds. Gomphocarpus fruticosus is the silk-plant of Madeira. 

944. Order 125.— Aporj nm-eap, the Dogbane Family. (^Monopd. 
Hypng.) Calyx usually 5-partite, persistent. Corolla hypogynoiis, 
gaino[)('talous, regular, usually 5-Iobcd, deciduous; mstivation con¬ 
torted, twisting in some cases to the right, in others to the left. Sta¬ 
mens 5, inserted on the corolla, alternate with its segments; filaments 
distinct; anthers 2-celled, dehiscing longitudinally; pollen granular, 
globose, or 3-lobed, immediately applied to the ftigma. Ovaries 2, 
and each unilocnkir, or one, and bjlocniar; ovules 00; styles 2 or 1 ; 
stigma 1, with a contraction in the middle. Fruit follicular or capsu- 
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lar, or drupaceous or baccate, double or single. Seeds 00, rarely 
definite, usually penduloiis; albumen cartilaginous or fleshy, rarely 0 ; 
embryo foliaceous; radicle turned towards the hilum.—Trees or shrubs, 
usually lactescent, with entire, generally opposite, exstipulate leaves, 
with interpetiolary cilia or glands. They are chiefly found in tropical 
regions. They appear to be most abundant in the hot parts of Asia, 
are less common in the tropics of America, and still less abundant in 
Africa. Lindley enumerates 100 genera, including 5GG species. Ex¬ 
amples —Apocynum, Echiles, Nerium, Balfouria, Vinca, Tanghinia, 
Plumieria, Carissa. 

945. Many of the plants ot this order are poisonous. Some are 
used medicinally, as cathartics, and there are a few which yield edible 
fruits. The order is in general to be regarded with suspicion. One 
of the most deadly plants of the order is Tanghinia venenata {Cerl^ra 
Tanghiri), the seeds of which supply the famous Tanghin poison, used 
formerly in Madag.asc.ar ;is an ordeal in cases of criminals. Nerium 
Oleander, the common Oleander, is poisonous. The stomata of its 
leaves are formed by means of cellular hair-like processes (fig. 76), 
and the anthers arc terniinated by feathery appendages (fig. 334). 
Death has ensued from eating the lloweis of this plant. Its branches, 
when divested of their bark and used as skewers, rendered meat 
roasted on them poisonous. The meat proved fatal to seven out 
of twelve of those who partook of it. The roots of Apocynum 
cannabinum and androsamifolium are said to be emetic, 'i'he 
Vincas, Periwinkles, arc astringent and act id. Allamamla cathartica, 
a native of Ceylon and .Java, is emetic and cathartic. Although the 
milky juice is generally acrid, still in some instances it is bland. 
Thus, the juice of Tahernaouoritana uiilis, IJya-hy’a, the Cow-tree or 
Milk-tree of Demerara, is used as mill,. Many of the plants, 
such as Urceola elastica and Vahea gmnmifara, supply caoutchouc. 
Wriglitia tinctoria yields a dye like indigo. Aspidosperma excelsum 
is a Guiana tree, remarkable i'or the sinuous .arrangement of its wood, 
which gives the stem a deeply-fluted appearance. 

946. Order 126.—i.nsnnincva-, the Logania Family (Monopet. 
Hypog.') Caly.x 4-5-partite (fig. 287 c) ; mstivation valvate or imbri¬ 
cate. Corolla hypogynous, regular or irregular, 4-5- or 10-divided 
(fig. 287 11 ); aisLivation convolute or valvate. Stamens inserted on 
the corolla, 5 or 1, not always corresponding with the divisions of the 
corolla; pollen elliptical or triangukir, simple, or marked with three 
bands. Ovary free, usually 2-celled; ovules 00 or solitary, peltate 
and amphitropal, or ascending and anatropal. Fruit a 2-celled cap¬ 
sule, with placentas finally becoming loose; or a nuculanium with 
1 or 2 -seeded nucules; or baccate, with seeds immersed in a pulp, 
oeeds usually peltate, sometimes winged; albumen fleshy or cartila- 
s'mouB; embryo small ; radicle turned towards the hilum, or parallel 
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with it.—Shrubs, herbs, or trees, witli opposite entire leaves, and 
usually with stipules, which adhere to the footstalks, or form inter- 
petiolary sheaths. They inhabit chiefly tropical and warm climates. 
The order is divided into three suborders:—1. Loganiem, sestivation 
of corolla convolute, fruit a bilocul.ir capsule or nuculauium, seeds 
peltate, sometimes winged. 2. Strychnea?. restivation of corolla val- 
vate, fruit a 2-3-celled berry or capsule, seeds peltate, embryo rather 
large. 3. Spigelieoe, mstivalion of corolla valvate, fruit a didymous 
capsule, seeds apterous, embryo small, cotyledons inconspicuous. 
There are about 24 known genera, and nearly 170 species. Examples 
—Logania, Potalia, Stryfchnos, Spigdlia. 

947. The plants of this order are highly poisonous. They act 
energetically on the spinal marrow, causing tetanic spasms, or they 
produce narcotic symptons by acting ou the brain. Many are very 
bitter and a few are tonic. Stujcltnos Nux- Vomica, the Poison-nut or 
Koochia, a tree which abounds on the Malabar and Coromandel coasts, 
supplies the substance called Nu.x-Vomica. It yields fruit of the size 
and aiipearance of an orange, with a coii.accous reddish integument, 
enclosing a mucilaginous pulp. The .seeds, which are embeilded in 
the pulp, are the oflicinal ji.art of the plant. They are ciicular and 
flat, umbilicated on one suitace, and ate thickly covered with brown 
silky hairs. All parts of the plant, e.spocially the seeds and bark, are 
intensely bitter. The seeds contain two alkaloids. Strychnia and 
Brucia, to which they owe their poisonons properties. Those alkaloids 
occur in combination with Igasuric or Strychnic acid. Nux-Vomica 
and Strychnia, in polsonou.s doses, cause death by producing tetanic 
spasms in the muscles of respiration. The bark of the Nu.x-Vomica 
tree is the false Angustura bark, and the wood is often called Snake- 
wood. Strychnia exists in other species of htvychnos, as S. Jfjnatia 
(Ignatia amara), St. Ignatius’s Bean, S. cohtbiina, and S ligustrina, 
Snake-wood, S. Tieute, the soui’ce of a Java poison called Upris 
Tieute. It is also said to exist in the Woorali or Ourari poison of Guiana, 
which some consider to be the produce of S. toxicaria or gidanensis. 
The effects of this last mentioned poison, however, do not seem to 
agree with those of Strychnia. Strychnia stimulates the spinal cord 
without affecting the function of the brain. It causes convulsive 
twitches of the muscles of the arms and legs, and hence it has been 
recommended in oases of chronic palsy, unconnected with any signs 
of local irritation or determination of blood to the head. Its adminis¬ 
tration requires great caution, as | of a gr.iin have been known to 
produce alarming lock-jaw, and ^ ul'a grain has killed a dog. Some 
species of Strychuos seem not to possess a poisonous principle in large 
quantity, for they are used as tonics and febrifuges. Among them 
may be noticed Stnjchnos potatorum and pseudoquina. 'The former is 
called Clearing-nut, and is used in India for purifying water. The 
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root of Spigelia manlandica, Carolina Pink-root (fig. 287), is used as 
an anthelmintic, more particularly in the United States. iS. Anthelmia, 
Guiana Pink-root, is employed in Demerara for a similar purpose. 
These plants also possess narcotic qualities. 

948. Order 127.— Oeniianncrw, the Gentian Family. {Monopet. 
Hypog.) (8ee fig. 248.) Caly.x gamosepalous, usually in 5 divisions, 
sometimes 4-6 8 or 10 divisions, persistent. Corolla gamopetalous, 
hypogynous, usually regular and niarcesoent; limb sometimes fringed, 
divided into as many lobes as the c;dyx ; estivation plaited or irabri- 
cate-twisted. Stamens inserted upon the corolla, alternate with its 
segments, and equal, to them in "number, some of them occasion.ally 
abortive. Ovary composed of 2 carpels, unilocular or partially bilo¬ 
cular (fig. 389); ovules ()(t, anatropal; style 1, continuous; stigmas 
1 or 2. Fiuit capsular or baccate, 1-celled (fig. 389), usually bival- 
vular, with sejiticidal, orraiely loculicidal dehiscence. Seeds 00, small, 
embryo straight, minute, in the .ax-is of soft fleshy albumen; radicle 
next the hilurn —Herlw, seldoni shrubs, with opposite (fig. 248), rarely 
alternate, entire or divided, exstipulato leaves, which are often S-.h- 
ribbed. The plants of the order are distributed generally over the 
globe, inhabiting both cold and warm regions. They are rare in tlie 
arctic and antarctic islands. They exhibit great varieties of colours, 
and many are prized Ibr their beauty. Ihere are two suborders:— 
1. Gentianeae, aestivation of corolla imbricatc-twisted, leaves opposite, 
simple, and entire. 2. Menyantlieae, mstivation of corolla plaited 
or induplicate, leaves usually alternate and comjiound, or divided. 
Lindley mentions CO genera, including 4,oO species. Examples — 
Gentiana, Chironia, Agatlmtes, Erythrma, Cliloia, Menyanthes, Vil- 
larsia. 

949. The general property of the plants of this order is bitterness, 
which pervades all their organs. Hence they are used as tonics. 
The medicinal gentian is the root of Gentiana lutea, a plant which 
grows abundantly on the Pyrimees, and on the Alps of Switzerland 
and Austria, usually at an elevation of 3000 to 6000 feet. It produces 
showy yellow flowers, and its root is yellow internally. It is adminis¬ 
tered in the form of extract, infusion, tincture, and wine, as a tonic. 
Its roots are often mixed with the roots of other species, such as Gen¬ 
tiana punctata, pwpurea, and pannantca. Gentiana Kurroo of the 
Himalayas has similar properties. The British sjiecies, Gentiana cam- 
pestiis and Amarella, have also been used as bitter tonics. The 
officinal Chiretta is the herb and root of Agathotes CMrayta {Ophelia 
Chirata), a herbaceous ]3laut found in the Himalayas. The whole 
plant is bitter, and has been long used in Bengal as a tonic and 
stomachic. The flowering cymes of En/thrma Ceniaurium, common 
Centaury (fig. 248), are used as a substitute for gentian, and so are the 
leaves of Menyanthes trifoliata, Buck-bean, Marsh-trefoil, or Bog- 
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bean. The roots of Frasera Walteri sometimes receive the name of 
American Calumba. 

950. Order 128—Bisnoninccir, the Trumpet-Flower Family. {Mono¬ 
pet. Hypog.') Calyx divided or entire, sometimes s[)athaceous. Co¬ 
rolla monopetalous, hypogynous, usually irregular, 4-5-lobed. Stamens 
5 and unequal, or 4 and didynamous, some of them occasionally 
sterile; anthers bilocular. Disk annular or glandular. Ovary superior, 

1 - 2-celled, each cell being often spuriously divided ; ovules indefinite; 
style 1 ; stigma bilamellar (fig. 400), or 2-4-cleft or entire. ' Fruit a 

2- oelled (sometimes spuriously 4-celled) and 2-vnlved capsule, occa¬ 
sionally succulent. Placentas parietal, sometimes extending to the 
centre, and forinnig a .spurious dissepiment, which finally separates, 
bearing tlie seeds. Seeds winged or wingless, often flat and com¬ 
pressed, exalbuminons; em'nryo straight; radicle next the hilum.— 
Trees, shrubs, or heibs, with op])osite, rai'ely alternate, exstipulate 
leaves. They abound generally in tropical ri'gions, but .some of them 
are widely distributed. 'J’he order has l)cen divided into four sub¬ 
orders:—1. Bignoniesp. cajisule 2-valved, 2-cclled, sometimes spuri¬ 
ously 4-celled, with a dissepiment parallel or contrary to the valves, 
at length free, bearing the seeds, which are transverse, compressed, 
and winged. 2. Cyrtandreai (I)idymocarpea'), fruit succulent or capsu¬ 
lar, or siliquoso and 2-valved, seeds small, oviite, or cylindrical, sus¬ 
pended, apterous, sometimes comose. 3. Cre.scentieae, ft nit woody, and 
melon-shaped, enclosing large seeds, which are immersed in the pulp of 
the placentas. 4. Pedalieai, fruit drupaceotis, rarely capsular and 
2 -valved, spuriously many-celled ; seeds few, large and apterous, pendu¬ 
lous, erect or transverse. These arc reckoned separate orders fry many. 
There are upwards of 100 known genera, and about C50 species. 
Examples —Bignonia, Spathodca, Eccremocarpus, Cyrtandra, Didymo- 
carpus, Crescentia, Pedalitim, Sesamum. 

951. There are many showy plants in this order. Their flowers are 
frequently large and trunqiet-shapcd. None of them arc noted for 
marked medicinal properties. Some are tindier trees, others furnish 
dyes and articles of diet, while a few have bitter and astringent 
qualities. The species of Bii/nonia are con.spicuous objects in tropici.l 
forests. Their wood sometimes exhibits a crucial arrangement (fig. 
107.) From Bignonia Chica the Indian.s extract a red ochreous colour¬ 
ing matter, with which they paint their bodies. Crescentia Cnjetc, 
the Calabash-tree, is found in the tropical regions of America, and pro¬ 
duces a large melon-like fruit, containing a slightly acid pulp, which is 
sometimes eaten. Its pericarp is hard, and after removal of the pulp 
it is used as cups and bottles. Teel seeds, the produce of Sesamum 
orientale, supply a bland oil, called by the Arabs Siritch. It is used 
under the name of gingilee oil to adulterate oil of almonds. The fruit 
of the species of Uncatia and Martynia, the Unicorn-plant, is furnished 
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with hooked processes. Id the perfect fruit of Pretrea (Martynia) 
Zangueharica, there are 6 cells fornied by the mode in which the pla¬ 
centas unite, and of these cells two are seedle.ss. 

952. Order 129.—Poiemoniacew, the Phlox Family. {Moitopet. 
Hypog.) Calyx inferior, in 5 divisions, persistent, sometimes irregular. 
Corolla regular, rarely irregular, .o-lobed. Stamens 5, inserted on 
the middle of the tube of the coroll.a, and alternate with its segments; 
pollen often blue. Disk lobed. Ovary free, 3-cclled'; ovules anatropal 
or amphitropal; style simple; stigma trilid. Fruit a 3-celled, 3-valved 
capsule, with septifragal dehiscence. Seeds angular or oval, or winged, 
often enveloped in mucus, containing spiral threads, ascending, in a 
single or a double row; embryo straight, in the axis of a fleshy or horny 
albumen ; cotyledons foliaceous, elliptical or cordate ; radicle inferior, 
next the liiluin.—Herbaceous or climbing plants, with opposite or al¬ 
ternate, simple or compound leaves. Tljey inhalflt temperate coun¬ 
tries chieflyf, and they abound in the north-western part of America. 
Tliere are 17 genera enumerated by Liudley, including 104 sjjecies. 
ifxaaijOte—Polemonuun, Phlox, Cobata ffig. 318), Collomia, Gillia, 
Leptosiplion, Canlua. 

9,53. Many of the plants of this order have showy flowers, and are 
commonly cultivated in llow'cr-borders. Connected with the epispernt 
of various species of Collomia are numerous spiral cells, and when the 
seeds are moistened with water, the mucn.s suirmmding the cells is dis¬ 
solved, so that the spir.d fibres arc uncoiled. The movements of these 
fibres, when uncoiling, are beautifully seen under the microscope. 
The fibres carry with them a tiiucous envelope which has the appear¬ 
ance of a membrane. Polemoniuiiiccer-uleum, Greek Valerian, or Jacob’s 
ladder, is bitter. In Siberia, poultices are prepared from its leaves 
Ihe Russians fancy that a decoction of it is useful in hydrophobia. 

954. Order 130.—Hydropiijiiaci*, the Hydrophyllnm Family. 
(Monopd Hypog.) Calyx 5-parted, jiersistent. Corolla monopetalous, 
hypogynons, regular, 5-cleft; lestivation plicate or imbricate. Stamens 
5, inserted upon the coroll.t, and alternate with its segments; filaments 
sometimes petaloid ; anthers deejily-lobcd at the base, often versatile, 
2-celled, dehiscing longitudinally or transversely. Disk annular or b. 
Ovary free, 1-2-3-celled; ovules definite or indefinite; style 1 or 2 ; 
stigmas usu.ally 2. Fruit capsular, 2-valved, 1-2-cellcd, with a parie¬ 
tal, or a large central placenta. Seeds with a brittle or reticulated 
testa; embryo in the midst of fleshy or cartihiginous albumen; radicle 
next the hilum.—Trees, shrubs, or herbs, with opjjosite, or alternate, 
exstipulate, often lobed leaves. They occur both in the northern and 
southern parts of America chiefly. They have no properties of im¬ 
portance. Many have showy flowers, and some have glandular or 
stinging hairs. The order has been divided into tw'o suborders;— 
1. Hydrophyllese, incli.ding Hydroleu: of authors, with the anthers 
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dehiscing longitudinally, disk present, ovary 1-2-celled, styles 2. 
2. Diapensiese, with anthers dehiscing transversely, disk 0, ovary 
3-celled, style single. ’There are 18 known genera, and 77 species. 
Examples — Hydrophylluin, Hydrolea, Nemophila, Phacelia, Dia- 
pensia. 

955.—Order 131.—Convoivnioceie, the Convolvulus of Bindweed 
Family. (Mo)iopet Hypog.) Calyx in five divisions, persistent, im¬ 
bricated, often bracteated (figs. 652-C54). Corolla monopetalous, 
hypogynous, deciduous, regular; limb 5-lobed, with a plaited or im¬ 
bricated mstivation (fig. C53/)); tube sometimes with scales, alternate 



with the lobes of the limb. Stamens 5, inserted in the base of the. 
corolla, and alternate with its lobes (fig. C54 e). Disk annular, 


aaniial (Calystegla) scpium, to Illustrate tlio 

rnulv' flower, showing twobract.s flvc unequ.ol divisions of the imbricated 

quii(ii’Uociilar oiVi y corolhi, live htaniuns alternating with the corollnie lobes, and a 

ul!;' bracts, c, Calyx Corolla. 

P'i't tbo flower 6, liiacts. f, Calyx, p, Tuba of 
tbc lll.tinenteoftlicstainen.se. o, Ovary, s. Style. 

I'l” of the btyle nud stijjnias. 

by the calyx, c, and the bracts, &, which arc persistent. 

6jt.—Seed. A, Hdum. 

of the seed showing the corrugated cotyledons, 

Fig. 059.—Lt/ibiyo sepal ated. j 
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hypogynous. Ovary free, 2-4-ceIled, rarely by abortion l-celled; 
ovules definite, erect, when more than one, collateral; style 1 (fig. 
654 «), usually bifid, rarely 2; stigmas obtuse or acute (fig. 65o). 
Fruit succulent or capsular (fig. 65G), 1-4-celled, with septifragal and. 
septicidal, or circumscissile dehiscence. Seeds albuminous; embryo 
curved or%iiral (figs. 659, 502); cotyledons corrugated (fig. 658) or 
inconspicuous; radicle inferior.—Herbs or shrubs, usually twining, 
sometimes parasitical, often with a milky juice, and with alternate, 
undivided or lobed, exstipulate leaves, rarely leafless. They occur 
chiefly in tropical and temperate regions. A few only are found in 
cold climates. The order h.as been divided into two suborders:—1. 
ConvolvuletE, true Bindweeds, leafy plants, with the corolline tube 
not scaly, embryo curved, cotyledons conspicuous. 2. Cuscutete, Dod¬ 
ders, leafless parasites, having scales on the corolline tube, embryo 
spiral, and filiform (fig. 502), cotyledons inconspicuous. There are 45 
genera, and upwards of 700 siieoies. A;cam/>/cs —Convolvulus, Ipo- 
mma, Exogonium, Dichondra, Cuscuta. 

950. The order is characterized generally by the presence of an 
acrid juice in the roots, which has purgative properties. On this 
account several of the plants are used medicinally. The old genu.s Con¬ 
volvulus has been split into various genera; such as Ipomma, Exogonium, 
Pharbitis, Balulas, QuamocUt, Calonydion, :md Lepistemon, according 
to the form of the corolla, the exsertion or inclusion of the stamens, 
the form and nature of the stigma, and the structure of the ovary. 
Exogonium Purga (Tp/mura Puvga, or Convolvulus Jalapa) is the 
Jalap plant, a native of Mexico, which grows well in this country, re¬ 
quiring only the protection of a Irame during winter. The plant has 
llovvered regularly fur many years in a cold frame in the Edinburgh 
Botanical Garden. The root-stock is the ollicinal part. It has a 
roundish^uberous form, is black externally, white and milky within, 
and vai'ics in size from that of a w’alnut to that of a moderate-sized 
turnip. It contains a resin, in which its .active properties reside. It 
is used in the form of powder and tincture, as an active irritant 
cathartic. The root of Convolvulus Scemvunnia yields a gummy 
resinous exudation, which constitutes medicinal Scaminony. The plant 
.grows abundantly in Greece, the Grecian Islands, and v.arious parts 
of the Levant. The plant succeeds well in a cold frame in the 
Edinburgh Botanic Garden. The Jalap and Scammony plants 
flower freely in the open border in the garden. Scammony is 
(irocured by cutting the root across, and collecting the milky 
juice which soon concretes. The drug is imported into thi.s 
country from Smyrna. Its active principle is a resin. It is used 
medicinally as a drastic purgative, in the form of powder, pill, and 
extj-act. A spurious kind of Scammony has been prepared from 
the^oot of Convolvulus (Calgstegia) sepium; and several plants 
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belonging to the natural order Asclepiadaceaj yield a purgative exuda¬ 
tion, which has been used under the names of Montpellier and Bourbon 
Scamraony (IT 124). The roots of some of the plants do not possess 
purgative qualities, and have been used as articles of food. Batatas 
edulis (Convolmdus Batatas) yields the sweet Potato, which contains 
much saccharine and amylaceous matter, and is used as food in 
tropical countries. The plant is reared in Carolina, Japan, and China, 
and succeeds within an annual Isotherm of 59“ F. It is cultivated also 
in Spain and Portugal. In the Philippine Islands the Batatas or Camo-. 
•tas, as they are called, are used for making soup, as well as roasted. 
The species of C’lscuta, Dodder, or scald-weed, have acrid purgative 
properties. Their seeds germinate in the soil, and the plants after¬ 
wards twine round others, and become attached to them by means of 
suckers. They then lose their connection with the soil, and are sup¬ 
ported as true parasites. In this way they oiten destroy crops of 
Flax and Clover, Beans and IIo])s Calom/ction speciosum is a night- 
flowering plant, with large white blossoms, and has received the name 
of Moon-plant. Convolvulus scoparius yields a perfume called Rhodium. 
Ipomaia bona-nox is the moon-ilower of Ceylon and of other warm 
countries. 

9.57. Order 132.— Cordioco*, the Cordia Fatally. {Monopet. Hy- 
png.) Calyx 4-5-toothed, inferior. Corolla monopeialous, 4-5-cleft, 
regular. Stamens inserted on the corolla, alternate with its segments; 
anthers versatile. Ovary free, 4-8-celled ; ovules solitary, pendulous, 
anatropal; style continuous; stigma 4-8-cleft. Fruit drupaceous, 
4-8-cellcd. Seed exalbuininous, pendulous from the a])ex of the cell 
by a long funiculus, upon which it is turned back ; radicle superior; 
cotyledons plaited longitudinally.—Trees, with alternate, rough, ex- 
stipulate leaves, and panicled llowers. They are chiefly natives of 
warm countries. Some yield edible fruits; their bark is occasionally 
bitter, tonic, and astringent, and their wood is used for various econo¬ 
mical purposes. The succulent, mucilaginous fruits of Cordia My:m 
and latifolia, receive the name of Sebesten Plums. There are 11 
genera enumerated by Bindley, including 180 species. Examples— - 
Cordia, Varronia. 

958. Order 133.—I*orni;inncc!r, the Borage Family. (Monopet. Hy- 
pog.) Caly.x persistent, with 4-5-divisions (figs. AGO, 661 c). Corolla 
gamopetalous, hypogynous, usually regular (figs. 2SC, 297), 5- rarely 
4-cleft; aestivation imbricated (figs. 660, pp). Stamens inserted 
on the corolla, equal in number to its segments, and alternate with 
them (fig. 661 «). Ovary usually 4-lobed, quadrilocular (fig. 661 o); 
ovules 4, each attached to the lowest point of the cavity, amphitropal; 
style simple, basilar (figs. 403, 661 s), (terminal in Ehretieaj and Helio- 
tropieoe); stigma simple or bifid. Fruit (fig. 662) consisting of 2 to 4 
distinct achsenia (succulent and consolidated in Ehretiese). Seed 

X 
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exalbuminous, or with thin albumen; radicle superior; cotyledons 
plano-convex (fig. 6G2).—Herbs, shrubs, or trees, with terete stems. 
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alternate, rough, exstipulate leaves, and flowers generally in scorpioidal 
(gyrate) cymiis (fig. 253). On account of the asperities in the leaves, 
the plants have sometimes been called Asperifoliie. The order is divided 
into three suborders:—1. Boraginece (figs. CG0-GG2), with a basilar 
style, 4-lobed ovary, achaenium-like fruit, and exalbuminous seeds; 
natives chiefly of temperate climates. 2. Ehretiese, with a terminal 
style, a quadrilocular, concrete ovary, a succulent fruit, and usually 
albuminous seeds; natives of tropical countries. 3. Heliotropiem, with 
a terminal style, an entire or 2-lobed ovary, a dry fruit separable 
into four aclnenia, and exalbuminous seeds; natives partly of temperate, 
and partly of warm climates. Ihere are C7 known genera, and nearly 
900 species. Examples —Borago, Anchusa, Echium, Myosotis, Cyno- 
glossum, Ehretia, Heliotropium. 

959. The plants of the order are generally mucilaginous and emol¬ 
lient. Some are astringent. Kitrate of potash exists in some, and 
imparts coolness to the water in which they are steeped. Borayo offi¬ 
cinalis, Borage, has been used for its mucilaginous emollient properties, 
as a remedy in pectoral afiections; and with wine, water, lemon, and 
sugar, its leaves form an ingredient in what is called cool-tankard. At¬ 
tached to the stamens in this plant, and others of the order, are scales, 
which may be considered as abortive stamens, formed by dilamination 

Ftgs. 6R0-Cfi2 ^Organs of frnctification of Anchusa italica, to illustrate the natural order 
Bora^naecse. 

Fig. CGO.—Diagram of the flover, ^^ith five imbricated divisions of the calyx, 6ve imbricated 
segments of the corolla, five staTnen.-!, and a -i-lobod ovary. 

Fig. 661.—-Vertical section of the flower, c, Hairy calyx, pp, Corolla, e, Stamens inserted 
into the corolla, a a, Stamlnal appendages or coiuUnio scales, o, 4-lobed ovary, two of its 
di\ islons cut through vertically, s. Basilar stylo. 

Fig. 662 —One of the carpels (achfieniu) cut vertically », Pcricaip separable from the seed. 
U Spermoderm or integumente tlie see^ e, Embryo with supoiior radicle, and plano-conrex 
cotyledons. 
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(fig. 312). Anchusa tinctoria supplies alkanet root, 'which is u.sed as a 
reddish-brown dye. Some of the species of Heliotropium (as H. peru- 
viamim) are distinguished by their fragrant odour. The leaves of 
Mertensia {Lif/iospernium) maritinia have the taste of oysters, and 
hence it is called the Oyster-plant in Southmd. Myoiiotis pahiittris 
(fig. 279) is the true Forget-me-not. Miss Strickland remarks, that 
the banished and aspiring Henry of Lancaster appears to have been the 
person who gave to this plant its emblematical and poetical meaning, 
by uniting it in his e.xile with the initial letter of his watchword, ‘ Sou- 
■mgne-voiis-de-inoy.’ 

960. Order Lid.— Soiaiincew, the Nightshade Family, {ifortopet. 
Hypog.) Calyx inferior, 5- rarely 4-partitc, persistent (fig. 664 c). 
Corolla monopetalous, hypogynous, with the limb 5- rarely 4-cleft, 
regular, or somewhat unequal, deciduous; a;stivation plicate or imbri¬ 
cated (fig. 663). Stamens inserted on the corolla (fig. 664 e), equal 
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in ntimber to the corolline segments, and alternate with them (fig. 663); 
anthers with longitudinal or porous dehiscence (fig. 664 e). Ovary 
usually 2-celled (fig. 664 o), sometimes 4-5- or many celled; ovules 
indefinite ; style continuous; stigma simple (fig. 664 s). Fruit with 2, 
4, or more cells, rarely unilocttlar; either a capsule dehiscing hi a 

Figs 6G3-668 —Orp:ans of fructification of Solaimni tuberosum, the Potato, to illuatvate tlia 
natural order Solaiiacece 

Fiff 6<p—Diagram of the flower, with five divisions (tf the calyx, five plicate segments of the 
corolla, five stamens, and a 2^elled ovary witli polyspermous placentas, cr. Axis 

Fig 664.—Vertical section of the flower r, Calyx p p, Lower part of the corolla, c, Stamens, 
with porous dehiscence of the anthers, o, bilocular ovarv, polyspeirnoua Stvle and HtigDiB. 

Fig i>65.—Fruit, baccate / i 

—Horizontal section of the firiit, showing the seeds and placenta. 

l*lg. 667.—The seed. 

Pig. 668.—Vertical section of the seed. #, Integument (spermoderm^ of the seed, p. Fleshy 
^rispenn (albumen), e, Embryo, which Is curved and excentric, with the radicle next the 
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septicidal or circumscissile inanner*and having a double dissepiment, 
pjirallel to the valves, or a berry (figs. 6C5, 666) with the placentas 
adhering to the dissepiment, or a nuculanium with 5 or more nucules. 
Seeds 00; embryo straight or curved (fig. 668), often excentric, lying 
in fleshy albumen ; radicle next the hiluni.—Herbs or shrubs, with al¬ 
ternate leaves. Natives of most parts oi' the world, but abundant in 
the tropics, in \\ Inch the mass of the order exists, in the form of the 
genera Solanura and Physalis. The order has been divided into two 
sections, which are not, however, well defined;—1. Rectembryse, with 
tlie embryo nearly straight. 2. Curvembryte, with the embryo curv4l 
in a semicircular, annular, or spiral manner. These are subdivided 
into tribes, chiefly according to the nature of the fruit. There are 66 
known genera, and 93.5 .species enumerated ; but tliere is considerable 
difilculty in the allocation of the genera. Examples —Oestrum, Habro- 
thamnus, Nicotiana, Petunia, Datura, Ilyoscyamus, Solanum, Physalis, 
Nolana. 

961. 'Hie plants of this order have in general narcotic qualities. 
These are sometimes developed in a great degree, so as to render 
the plants very poisonous; at other times they are obscured by the 
prevalence of nutritious and starchy matter. In many instances, 
certain parts of the plant have poisonous narcotic properties, while 
other parts are harmless, and are used as articles of diet. These facts 
will be illustrated by a consideration of different genera and species. 
>'<olanuvi Dulcamara, Bitter-sweet or woody Nightshade, has diapho¬ 
retic properties. A decoction of the twigs is used in various cutaneous 
diseases. The scarlet berries are not poisonous ; five pounds weight 
given in the course of ten days did not produce poisonous effects. 
Tlie black berries of Solanvm nigrum are used by the garrison in the 
Island of Ascension to make pies. Solanum tuberosum, the Potato 
(fig. 92), produces nutritious starchy tubers. Solanum Melongena 
yields the Aubergine or Brinjal, an edible fruit. S. laciniatum, 
the Kangaroo apple, is eaten in Tasmania. In the genus Sola- 
vum the anlheis ojien by pores. Atropa Belladonna, Deadly 
Nightshade or Dwale, is a highly poisonous plant belonging to 
this order. Ail parts of the plant are narcotic. The fruit is 
a dark brownish-black shining berry, which often proves attractive 
to children. 'I'he leaves are the part used in medicine, and from 
these an extr.act is prepared 'The watery extract is best made in 
vacuo, but the alcoholic extract is probably the best. Belladonna is 
one of our most active indigenous poisons. It owes its properties to 
the presence of an alkaloid called Atrojiia, which exists in the plant in 
combination with malic acid. Belladonna is used medicinally to allay 
pain and spasmodic action, to cause dilatation of the pupil, and as a 
prophylactic against scarlatina. Similar properties exist in the species 
of Hifoacyamus, more especially in //. uiger, llenbane, a biennial plant. 
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with dingy-yellow flowers, exhibiting beautiful purple reticulations, 
hairy viscous leaves, and a bilocular operculate capsule (fig. 459). 
The leaves yield by expression a large quantity of juice, whence an 
extract is prepared. A tincture of Henbane is often used in place of 
laudanum, on account of not causing constipation. It is employed in 
medicine to procure sleep and allay pain, and it acts also in dilating 
the pupil. The narcotic properties seem to be owing to an easily 
decomposed alkaloid called llyoscyamia. An empyreumatic oil is 
obtained trom the plant, which is an energetic narcotic poison. The 
roots of the plant have sometimes caused poisoning by being mistaken 
for parsnips. Many species of Datvra are powerfully narcotic. IJ. 
Stramonium is the Thorn-apple, so called on account ol its prickly 
cajisule. Its leaves and seeds are used medicinally as narcotics, their 
qualities being due to an alkaloid called D.aturia. They are prescribed 
as anodynes and antispasmodics, in the form of powder, extract, and 
tincture, and the leaves are smoked in cases of asthma. Datura 
Tntuhi and Mctd, sanguined, jerox and fastuosa have similar proper¬ 
ties. Several species of Nicoi.iana furnish Tobacco. That chiellv used 
in Europe is procured from N. Tahaann, a plant naturally inh.ibiting 
the hotter parts of North and South America. It is an annual plant, 
attaining a height of six feet, having dingy-red infundibuliform 
flowers (lig. 291) and viscid leaves. The leaves are the officinal part, 
and their active propeitics dejiend on a pi'culiar oily-like alkaloid 
called Nicotina. They are employed in the form of infusion, tincture, 
and wine. Tobacco is an encrgi'tic narcotic poison. Its oil, which is 
inhaled and swallowed in the process of smoking, is one of the most 
deadly known poisons. The Hottentots are said to kill snakes by putting 
a drop of it on their tongues: the death of these re))tiles is said to take 
place instantaneously. It is employed medicinally as a sedative, and 
its depressing action is useful in cases of hernia. Its depressing action 
is indicated by its efl'ect on the cerebral functions and on the heart. 
The flavour and strength of tobacco depend on climate, cultivation, 
and the mode of manufacture. That most esteemed by the smoker is 
Ilav.annah tobacco; but the Virginian is the strongest. It is said that 
small Havannali cigars are piepared from the leaves of A’tcoliana 
repanda; Syrian and Turkish tobacco from N. rustka, and fine Shiraz 
tobacco from N. perdca. The fruit of different species and varieties of 
Capsicum supply Cayenne-pepper, and what are called Chillies. Chilli 
is the Mexic.m name for all the varieties of (k'qisicum. They are 
natives of the East and West Indies, and of other hot climates. Cap¬ 
sicum annumn is the species commonly noticed, but of it there seems 
to be numerous varieties, which by many are reckoned species. 
Thus, C. frutescens is a shrubby plant which, along with C. minimum, 
supplies the variety called Bird-pepper; C. haccatmn has a globular 
fruit, and furnishes Cherry or Berry-capsicum. In Capsicum irritant 
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properties prevail, without any narcotic action. Their acridity is 
owing to an oleaginous substance called Capsicin. Cayenne-pepper 
is used chiefly in the ibrm of tincture as a rubefacient and stimulant, 
especially in cases of ulcerated sore throat. It acts on the stomach as 
an .aconiatic condiment, and, when preserved in acetic acid, it forms 
Chilli vinegar. Mandragora officinalis {Alropa Mandragora), Man¬ 
drake, acts as a stimulant on the nervous system, and its forked root 
was long celebrated for its properties in this respect. It is the 
(Dudaim) of the Bible. Its root is easily made to assume the human 
form, and hence has arisen the stories of the plant shrieking when 
torn out of the ground. By the Arabs the plant is called Tufah-al- 
Sheitan, or Devil’s apple. The species of Physalis are remarkable for 
their accrescent calyx (fig. 280). The fruit of some, such as P. peru- 
viana, Peruvian Winter Cherry, is eaten. The fruit of Lycopei'sicum. 
esculentum is the edible Tomato, or Love-apple; that of Solanum 
ovigerum is the Kgg-ap|)le. 

A division of the genera of this order has been made by M. Fee 
into—1. 'I’liose which contain species, all of which are more or less 
poisonon.s, as Datura, ITgosci/antus, Alropa, Nicotiana, &o. 2. ITiose 

which contain some spceie.s donbttully jioisonous, .and others innocuous 
or stimulant, as Holanum and Cajisicum. o. Those harniig species 
which are all innocuous, as Li/copersinnu Miers has revised the genera 
included in the orders .Solanaeea; and Scrophulanaceas, and he pro¬ 
poses to institute an intermediate order, Atrojiacea', as follows:— 

1. Sol.inacea!; Isomeroiis tloweis wnh a valvate or induplicato- 
valvate mstivatioii ; inflorescence extra-a.xillary. 

2. Atropaceas; Isomcrous flowers or nearly so, with a more or 
less imbricate sestivation; iiilloiescence extra-axillary, narcotic; 
cause dilatation of the pu[iil. 

3. Scrojihulariacea'; Anisomerous flowers with imbricate aestiva¬ 
tion ; organs of inflorescence truly axillary. 

962. Order 135.—Orobanrhaccae, the Broom-rape Family. (Mono- 
pef. Hypog ) Calyx divided, persistent, inferior. Corolla monopetal- 
ous, hypogynous, irregular, usually bilabiate, persistent; aistivation 
imbricated. Stamens 4, didynamous. Disk fleshy. Ovary free, 1- 
celled, composed of two carpels which stand fore and aft, with 2 or 
more parietal placentas; ovules 00; style 1; stigma 2-lobod, each of 
the lobes belong half to each carpel. Fruit capsular, enclosed within 
the withered corolla, 1-celled, 2-valved. Seeds 00, minute; embryo 
very minute, at one end of fleshy albumen.—Herb<aceous parasitical 
plants, having scales in place of leaves. They arc natives of Europe, 
more especially the southern parts, and of Asia, North America, and 
the Cafie of Good Hope. Liinlley gives 12 genera, and 116 species. 
Example'! —Orobanche, Lathraea. 

963. 'The properties of the plants of the order are, in general, astrin- 
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genoy and bitterness. Some have been used as tonics, and as applica¬ 
tions to indolent ulcers. The species of Orobanche are called Broom- 
rapes, on account of the ravages they are supposed to commit on the 
Broom tribe. They attach themselves to the roots of various plants, 
and are hence called Iloot-parasites. Different species infest and 
injure different tribes oi plants. Thus, Orobanchu Rupum is parasitical 
upon Broom and Furze ; 0. ramosa., upon Hemp ; 0. rubra, upon com¬ 
mon Thyme; 0. minor, upon red Clover; O. Hederce, upon the Ivy ; 
0. elatior and arenaria, upon different species of Composit®, as Cen¬ 
taury and Milfoil. The stems of Orobanches have a large central 
cellular portion, surrounded by numerous fibro-vascular bundles, 
which are arranged in a circle without any medullary rtiys. Tubers 
exist at the lower part, whence subterranean buds are developed. 
Sometimes the fibro-vasoular bundles of the plants, to which the 
Broom-rapes are attached, are found ramifying in the substance of the 
p.arasite. As Broom-rapes possess tubers and ordinary roots, Ilenfrcy 
is dis])osed to think that they .also derive nourishment from the soil in 
the usual way. Latlirma sguainaria. Tooth-wort, is parasitical upon 
the roots of Hazels, Cherry-laurels, and other trees. Epiphegus vir- 
giniana. Beech-drops, has been used in powder as an application to 
cancerous sores. In conjunction with white oxide of Arsenic, it is 
supposed to have constituted the specific known in North America 
under ihc name of .Martin’s Cancer Powder. 

964. Order 166.—MfropLularinecw, the Figwort Family. (^Monopel. 
Ili/pog.) Calyx divided into 4 or 5 parts, utieijual, persistent, inferior 
(fig. 288 c). Corolla monopetalous, more or less irregular and bilabiate 
(fig. 288^)), or personate (fig. 600), sometimes spurred or saccate iit 
the base; ffistivation imbricate. In the bud, the flowers are regular 
(fig. 30a). Stamens usually 4, didynamons (figs. 344, 346), rarely 
.h, sometimes 2; anthers bilocular, or unilocular by abortion or adhesion. 
Ovary free, 2-celled; ovules usually 00; style simple ; stigma 2-lobed, 
rarely entire. Fruit capsular, rarely fleshy, dioarpellary, 2-celled 
(Cg. 44.5), 2-4-valved, opening by septicidal or loculicidal dehiscence, 
rarely by pores (fig. 402) or lids, the dissepiments becoming finally 
loose in the centr' (fig. 446). Placentas attached to the dissepiment, 
and sometimes in the mature fruit becoming central. Seeds definite 
or 00; embryo straight or slightly curved, included within fleshy al¬ 
bumen.—Herbs, undershrubs, or shrubs, with opposite, whorlcd or 
alternate leaves. They are found generally distributed over the globe, 
both in cold and warm regions. The order has been divided by 
Bentlnani into three sections;—1. Salpiglosside®. 2 . Antirrhinide®. 
3. Rhinaiitliide®. The characters of these divisions are founded on the 
nature of the inflorescence, wL'Bther centrifugal, centripetal, or com¬ 
pound, and the ®stivation of the corolla. There are 176 known 
genera, and 1,814 species. Examples —Schizanthus, Salpiglossis, Cal- 
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ceolai'ia, Verbascnm, Antirrhinum, Scrophularia, Pentstemon, Mimu- 
lus, Digitalis, Veronica, Khinanthus, Melampyrum. 

965. The plants of the order are usually scentless, or at all events 
not aromatic. They are acrid and slightly bitter, and some of them 
are sedative and poisonous. Some of the plants of the order belong 
to the tribe of Root-parasites. This is particularly the case with species 
of Euphrasia, Eliinanthus, Bartsia, Melampyrum, and Pedicularis. 
Tliese parasites differ from Broom-rapes in having green leaves, and 
they seem to be apparently independent after they have acquired a 
certain degree of development. The species of Miinulus have a bila- 
mellate stigma, the two lamellae of which are irritable, and close when 
irritated. The movements of the stigma are probably in some way 
connected with fertilization. One of the species, Mimulus luteus, has 
become naturalized iii many parts of Britain, as in the neighbourhood 
of Edinburgh, on the shores of the Clyde, the Isle of Skye, Perthshire, 
(Lc. Mimulus viosrhahis is crdtivated on account of its musk-like 
odour. The most important medicinal plant of the order is Digitalis 
purpurea. Foxglove, the leaves and seeds of which are employed in 
the form of powder, tincture, and infusion. The leaves have a bitter 
taste, which they retain when cai'efully dried. In large doses they 
act as a narcotico-irVitant poison, and in small doses they are used as 
sedative of the circulation, and diuretic. Their continued use causes 
great slowness of the pulse, and hence their employment in diseases ot 
the heart and in hsemorrhage.s, such as hienioptysi.s. In dropsical 
cases, especi.illv those connected with diseased heart. Digitalis is exten¬ 
sively used, its active properties are due to the presence of a crystal¬ 
line principle called Digitalm. Several other species of Digitalis, such 
as D. Icerujala, grandifttu-a, lutca, and tomentusa, have similar properties. 
The leaves of Scritphuhiria nodosa, knotted Figwort, have irritant 
qualities, and h.ave been used as emetic and cathartic remedies. In 
the form of ointment and fomentation, they have been a|)|ilied to 
diseases of the skin and tumours. The woolly leaves of Verhascum 
Thapstis, Great Mullein, arc emollient and slightly narcotic. They 
have been used in some pectoral alluctions. 'J’he species of 3Ielampy- 
rum are called Cow'-wheat, in consecjnence of being relished by cows. 
Euphrasia oJUebudis, Eye-bright, or Euphrasy, was formerly used in 
cases of ophthalmia. Some of the species of Linaiia and Calceolaria 
are used for dyeing. Linaria vulytiris exhibits what Linnseus called 
Peloria (^[ G54, 655). by the flowers being 5-spurred in place of 
l-spurred, and thus liecoming symmetrical. Gratiola officinalis, Hedge- 
hyssop, is bitter ami acrid, and is .said to enter into tlie composition 
of the Eau niedicinale, so much vaunted as a remedy for gout. This 
was formerly called Gratia Dei, on account of its edioiency as a medi¬ 
cine. In over doses it acts as a poison. According to Haller, it renders 
by its abundance some of the Swiss meadows useless as pastures. The 
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leaves of Veronka officinalis are bitter and astringent, and are some¬ 
times used as tea. 

966. Order 137.— A.abint» (Lamiacese of Lindley), the Labiate 
Family. {Monopet. Hypog.) Calyx tubular, inferior, regular or bila¬ 
biate, persistent (fig. 670, 672 c). Corolla monopetalous, hypogy- 
nous, bilabiate; upper lip entire or bifid, lower 3-lobed (figs. 299, 
670, 671). Stamens 4 (fig. 669), didynamous (fig. 671 e), some¬ 
times 2 by abortion, inserted into the corolla, and alternate with the 
lobes of the lower lipj anthers 2-celled, or 1-celled by abortion, or 



by absorption of the septum (fig. 333); connec'ive .someimics large 
and distractile (fig. 333 c). Disk fleshy. Ovary free, deeply 4 lobcd 

Fiin. 6CD-673—Organs of fructification of Lamiuni albiun, to illustrate tlie tialmal order 
Labiatai. 

Fig tJGf)—Piftgiam of tlie flower, with tiio pentamcrous ealvx; pentamerons oorolln, li.ivmg 
two lips, the upiier lip being foinied of two united ]ict.»l9, the lowei ot thiee, tuui Htauieus, in 
'>! being undeveluped, and tour dnisinus ot the OMiiy. 

Fig. 670—tntireflowci1’.i{eja”y. e, l-ivc-clctt culyx. Tube of the corolla, /i, Upper 
hp of two petals 5 , Style. 

Fig. 671 —The flower cut vertically, c. Calyx, p, Coiolla. e, Didynamous stamens s, Styld 
and bifid stigma, o. Ovui v. 

Fig 67‘i.- Fuitt {atetiachfrnhim) out ycrtioully, showing the caiTiels, two of whiclihavo boon 
removed. 0 , PorMStont o.ulyx q, FlesK^ di*-): 01 g'.md r. Gv-'Oiasic recei»ta(4e bearing the 
style, 3, whiclusbasilar, i. e. aribesti 0111 . . s.ip.isit/il 0 .. i" * o, Two carjicls, whicli Ibi-ni 

achenia when rijic. 

Fig 673—A cAHiel cut vertically, p, Pericarp, f, Integument of the seed. €, Embr>’o erect 
with inferior radicle. 
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(figs. 402, 669)-, ovules 4 ; style 1, basilar (figs. 402, 671 s); stigma 
bifid (fig. 671 s'), usually acute. Fruit consisting of 1-4 ach»nia, en¬ 
closed within the persistent calyx (figs. 402, 672). Seeds erect (fig. 
673); albumen either 0, or in small quantity; embryo erect (fig. 
673 e) ; cotyledons flat; radicle inferior.—Herbs or undershrubs, widi 
tetragonal stems, opposite exstipulate leaves, and cymose inflorescence, 
the flowers being often in verticillasters. Linnatus looked upon the 
fruit as naked seeds, and hence included many of the plants in the 
order Gymnospermia of his Didynamous class. They are natives 
chiefly of temperate regions. Lindley mentions 125 genera, including 
2,350 species. Examples —Mentha, Salvia, Melissa, Lamium, Teu- 
crium, Scutellaria. 

9G7. The plants of this order are in general fragrant and aromatic, 
and none of them are poisonous or injurious. Scarcely any are used 
for ordinary food, although many form grateful condiments. Their 
leaves contain receptacles of volatile oil, and many of them furnish a 
stearoptin resembling camphor. Medicinally, many of them are used 
as carminatives. The species of Mentha yield volatile oils. M. Piperita, 
Peppermint, is used as a powerful diffusible stimulant in cases of colic 
and gastrodynia. The oil is procured by distillation with water, and, 
when dissolved in rectified spirit, it forms ths essence of Peppermint. 
Mentha vindis. Spearmint, i.s used in the same way as Peppermint; 
while M. Pulegium, Penny-royal, is employed as a pectoral and anti- 
spasmodic. Lavandula vara (L. spica, officinalis, and angustifolia of 
authors) yields the best oil of Lavender ; while L. lalifolia furnishes 
Spike-oil. Like the other volatile oils of the Labiata?, oil of Lavender 
consists of a fluid oil, or Elaioplin, and a solid crystalline substance, or 
Stearoptin, analogous to camphor. Lavender is a tonic, stimulant, 
and carminative. The flowering tops oi Rosmarinus officinalis, Rose¬ 
mary, furnish an oil which has similar properties. It is used much in 
perfumery, and enters into the composition of Eau de Cologne. It is 
reputed as possessing considerable elHcacy in encouraging the growth 
of hair and in curing baldness. The admired flavour of Narbonne 
honey is ascribed to the bees feeding on the flowers of this plant. 
Oils of the same nature are procured from Origanum vulgare, Wild 
Marjoram, O. Majorana, Swe.et Marjoram, Melissa officinalis, common 
Balm, and Marnihium vulgare, white Horehound. Some consider the 
Hyssop of Scripture, attx, as being Hyssopus orientalis (//. officinalis, 
var. angnstifobus) ; but h’o\lc looks u]ion it as one of the Caper plants 
( Uapparis cegpptiaca). Plcctrantlms graveolens of some, Pogostemon 
auavts or P. Patchouly of others, is the Patchouli plant of the East 
Indies, which is used as a perfume. It is called in India puch4 pfit. 
It yields a volatile oil of a yellowish -green colour. Lycopus virginicus. 
Bugle-weed, and L. eiiropaus, Gipsey-wort, are used as astringents 
and sedatives. Many Labiates, such as Thyme {Thymus), Mint(i/e»- 
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th/ci), Sage (Salvta), Basil {Ocymum) Savoury (Saiureia), &c., are used 
as culinary vegetables, more particularly to flavour sauces and dishes. 
The species of Salvia are distinguished by having only two stamens in 
consequence of the abortion of the rest, and by their distractile con¬ 
nective, which separates the anther lobes (fig. 333). In the episperm 
of the seeds of the species of Salvia there are beautiful spiral cells, the 
fibres of which, like those of Colloinia, uncoil when moistened with 
water, and form an interesting miproscopic object. Salvia officinalis, 
common sage, has been used in the form of tea as a stomachic. What 
are called Sage-apples, are galls produced by the puncture of insects 
on Salvia pomifera. The roots of Ocymum tuberosum are said to be 
esculent. Hyptis membranacea, one of the Brazilian Labiates, attains 
the height of twenty or thirty feet. 

968. Order 138.—Vci-bcimrea-, the Vervain Family. {Monopet. 
Hypog.) Calyx tubular, persistent, inferior. Corolla monopetalous, 
tubular, bypogynous, deciduous, limb usually irregular; {estivation 
imbricated. Stamens usually 4, didynamous, rarely equal, sometimes 
2. Ovary free, 2-4-celled; ovules usually 4, erect or pendulous, 
anatropal or amphitrop.al; style 1, terminal; stigma bifid or entire. 
Fruit nucamentaccous or baccate, composed of 2 or 4 achamia united. 
Seeds 1-4; allmmen 0 or fleshy ; embryo straight; radicle either in¬ 
ferior or superior.—Trees or shrubs, rarely herbs, with opposite or 
alternate, exstipulate leaves. The order has been divided into three 
suborders;—1. Myoporineie, anthers 2-celled, seed pendulous, radicle 
superior; natives of the southern parts of America and Africa, and of 
Australia. 2. Verbenem (fig. 237), anthers 2-celled, seed erect, radicle 
inferior; natives both of the tropical and temperate regions of America, 
and found also in Asia and in Isurope. 3. Selagine®, anthers f-celled, 
seed pendulous, radicle su))crior; natives chiefly of the Cape of Good 
Hope, but some are European. There are 75 known genera, and 
upwards of 770 species. Examples —Myoporum, Avicenuia, Verbena, 
Vitex, Tectona, Solago, Globularia. 

969. Many of the plants of the order are fragrant and aromatic, 
some aie bitter, tonic, and astringent, others are acrid. None of them 
occur in the British Pharmacopoeias. Aloysia citrioclora, Sweet-scented 
Verbena, is commonly cultivated for its fragrance. In the leaves, Dr. 
Murchison has noticed peculiar glands containing oily matter. The 
species of Avicennia have adventitious roots like the Mangrove. The 
bark of Avicennia tomentosa is used in Brazil for tanning. I'ectona 
grandis is the Teak-tree of India, the wood of which is very hard and 
durable, and is used for ship-building. A fine specimen exists in the 
Edinburgh Botanic Garden. The trunk of the tree in Eastern forest* 
sometimes attains a height of two hundred feet, and its le,aves are twenty 
inches long by si.xteen broad. Clerodendron leaves when bruised are 
employed to kill vermin on cattle in India. The twigs form tooth- 
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picks. Myopomm platycarpum of Australia exudes a saccharine 
matter from its stem. The fruit of several species of Vitex is 
acrid and aromatic. Some species oUjurdana and Utachjtarpheta are 
used for tea. The Vervain was a sacred plant among the Greeks, and 
it was looked upon by the Druids with stiperstitious reverence. 

970. Order 139.—Acaniharr», the Acanthus Family. {Monopet. 
Hypog.) Calyx with 4-5 divisions, equal or unequal, occasionally 
multifid, or entire and obsolete, persistent. Corolla monopetalous, 
hypogynous, usually irregular, with the limb ringent or bilabiate, or 
rarely unilabiate, sometimes nearly equal, deciduous. Stamens in¬ 
serted on the corolla, usually 2, sometimes 4, didynamous, the shorter 
ones being .occasionally sterile; anthers 1-2-celled, with longitudinal 
dehiscence. Disk glandular. Ovary free, 2-eelled ; placentas adher¬ 
ing to the axis; ovules 2 or more in each cell, curved ; style 1 ; 
stigma 2-lobcd, rarely entire. Fruit a 2-ceIled capsule, dehiscing by 
2 elastic valves, in a loculicidal manner. Seeds 2 or many in each 
cell, sometimes solitary, roundish, .attached to hard, persistent, hooked 
or subulate ascending processes of the placenta; testa loose ; albumen 
0; embryo curved or straight; cotyledons large, leafy; radicle 
cylindrical, next the hilum.—Herbaceous plants or shrubs, with 
opposite, exstipulate, simple leaves, and bracteated llowcxs; 2 or 3 
large leafy bracts accompanying each flowci'. They abound in tropical 
regions. The order has been divided into three tribes:—1. Thun- 
bergiete, with the placental proccs.ses in the form of a hard cup, sup¬ 
porting the seed. 2. Nelsonicte, with the placcnial processe.s contracted 
into a papilla, bearing the seed, which is sm;ill and pitted. 3. Echma- 
tacanthi, with the placental processes hooked. There are 105 genera, 
accordfhg to Lindley, and about 750 species. Examples —Thunbergia, 
Nelsonia, Acanthus, Justiciii, Ruelha. 

971. The plants of the order have mucilaginous and bitter proper¬ 
ties in general, but they are not put to important uses. The leaves of 
Acanthus, with their sinuated lobes, gave origin to the capital of the 
Corinthian jiillar. Acanthus mollis has emollient qualities. The seed.s 
of AcanlhcuVmm qncatuni have beautiful spiral cells in their episperm 
(fll). The style of Ruellia (Goldfussia) aiiisophylla exhibits a peculiar 
irritability ; its curved stigm.atic apex becoming gradually straightened 
so as to come into contact with the hairs of the corolla upon which the 
pollen is scattered. A deep-blue dye, called Room, is obtained in 
Assam from a species of Ruellia. A similar dye in China is procured 
from a species of Justtciu. Many of the species of Justicia, Ruellia, 
and Aphelandra, are cultivated for their showy flowers. 

972. Order 140.—i..omibuiarmceie, the Butterwort Family. (Mono¬ 
pet. Hypog.) Caly.x inferior, divided, persistent. Corolla monopeta- 
loi^: hypogynous, irregular, bilabiate, usually spurred. Stamens 2, 
irf(Wtedinto the base of the corolla, and included; anthers monothecal. 
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sometimes contracted in the middle. Ovary free, composed of 2 car- 
pellary leaves, unilocular; ovules 00, anatropal; placenta free, central; 
style 1, very short; stigma bilamollar. Fruit a 1-celled capsule, 
dehiscing transversely, or by an apicilar cleft. Seeds numerous, 
minute, exalbuminous; embryo sometimes undivided; radicle next 
the hilum.—Aquatic or marsh herbaceous plants, with radical leaves, 
which are sometimes compound, and bear little bladders or anrpull®. 
Flowers often on scapes. They are found in all parts of the world, 
and abound in the tropics. Lindley enumerates 4 genera, including 
173 species. Examples —Utricularia, Pinguicula. 

973. 'I'he plants of the order have no properties of importance. The 
name of Butterwort, given to the species of Pinquicula, may be derived 
trom the property of giving consistence to milk. Others say that it 
has reference to the greasy appearance of their foliage. Linnaeus de¬ 
clares that the solid milk of the Laplanders is prepared by pouring it 
warm and fresh from the cow over a strainer on which fresh leaves of 
Pinguicula have been laid. Of the four British species, one (P. 
grandijlora) is peculiar to Ireland, and another (P. alpina) is peculiar 
to Scotland. Utnciihirias, Bladderworts, are so called on account of 
the utricles or bladders connected rvith the leaves 1C4). In the 
interior of these vesicles a mucous fluid is found along with cellular 
projections in the form of hairs. Utricularia neliinibifolia grows in 
the water which collects in the bottom of the leaves of a large Till- 
andsia in Brazil. It sends out runners and shoots, and often in this 
way unites several plants of Tillandsia. The leaves are peltate, and 
more than three inches across, while the flowering stem is two feet 
long. 

974. Order 141.—Primnlacr*, the Primrose Family. {Monopet. 
Hypog.) Calyx 5- rarely 4-cleft (fig. -272), inferior or half superior, 
regular, persistent (figs. G75 c, G77). Corollamonopetalous (fig. 295^), 
hypogyuous (fig. G75), rarely perigynous, with the limb 5- rarely 
4-cleft, sometimes 0 (fig. ,943). _ Stamens inserted on the corolla, 
equal in number and opposite to its segments (figs. G74, G75). Ovary 
free, (figs. 075, G7G o), rarely adherent to the base of the calyx, 1-celled; 
ovules 00, usually amphitropal; style 1 (fig. G75 s); stigma capitate 
(fig. 675). Fruit a capsule, opening with valves (fig. G77), or with a 
lid (fig. 458). Seeds numerous, peltate (fig. 678), attached to a free 
central placenta (fig G77) ; embryo straight (fig. G80), enclosed within 
fleshy albumen, and lying acro^s the hilum (fig. C79).—Herbaceous 
plants, with leaves usually opposite, and frequently radical, exstipulate; 
flowers on simple or umbellate scapes. 'I’hey are natives chiefly of 
temperate and cold regions in the northern hemisphere; some occur 
in elevated situations in warm countries. Lindley notices 29 genera, 
including 215 species. Examples —Primula, Androsace, Glaux, Trien- 
talis, Anagallis, Samolus. 
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975. None of the plants of this order occur in the British Pharmaco¬ 
poeias, and fewof them haveanyimportantmedicinal properties. Acridity 
prevails more or less in the order. They are cultivated as showy garden 
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annuals and perennials. All the fine forms of Auricula are derived 
from the yellow Piimula Auricula, a native of the Swiss Alps. The 
British species of Primula, are P. veiig, the Cowslip, the flowers of 
which are said to be narcotic; P. elatior, the O.'ilip; P. vulgaris, the 
Primrose; P.farinosa, the Bird’s-eye Primrose; and P. scotica, the 
Scottish Primrose. The species of Ci/clamen, or Sowbread, have large 
tuberous-like partially subterranean stems, with acrid properties, and 
their English name is derived from the circumstance of their being 
eaten as food by wild boars. In them, as well as in the species of Do- 
deeatheon, the petals are reflexed. The flowers of the species of Ana- 
gallis are meteoric 484), and their seed-vessel is a pyxidium (fig. 
458). "They are said to be acrid, and to cause inflammation of the 
mucous membrane. Trientalis europera is the only British plant 
belonging to the Linnaean class Ileptaiidria. It is slightly acrid. In 
Samolus Valerandi, Brook-weed, the calyx is partially adherent to 
the ovary, and in Glaux marilima the corolla is abortive, and the 
calyx becomes coloured (fig. 543). 

976. Order 142.—piumbaginacc®, the Sea-pink Family. (Monopet. 
Hypog.) Calyx tubular, persistent, sometimes coloured; aestivation 
plaited. Corolla monopetalous, or pentapetalous, regular. Stamens 5, 

Figs. €74-090.—Organs of fructification of Frimula elatior, illustrating the natural order 
Primulacccs. 

Fig. 674.—Diagram of the flower, with five imbricate divisions of the calyx, five segments of 
the corolla, five stamens opposite the coiolline segmeuts, and five carpcllaiy leaves, surrounding 
a free central placenta. 

Pig. 676 —Vertical section of the flower, r, Inferior calyx p, Monopetalous corolla a, Sta¬ 
mens attached "to the corolla. 0 , Supenoi ovuiy s. Stylo with cajutatc stigma. 

Fig CT6.—Ovary cut vertically, to show the free centi al placenta covered with ovules. «, Base 
of the atyle. 

Fig. 677.—Vertical section of the fruit /, Pcricaip. p, Placenta with nomeroos seeds, some 
of which have been detached. 

Fig. 678.—Peltate amphltropal seed separated. A, Ililum 

Fig. 679^8^ cut vertically, t, Integuments (spciniodenn). A, Hilum. p, Fleshy perispenn 
falbumeiO. Transverse embryo lying across the hiium. 

ng. ^.—Embryo with cotyleduus and radicle. 
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hypogynous when the corolla is gamopetalous, attached to the base of 
the petals when they are separate. Ovary free, 1-celled; ovule 
solitary, pendulous from a funiculus which arises from the bottom of 
the cell; styles 5, seldom 3 or 4, each bearing a subulate stigma. Fruit 
a utricle. Seed pendulous; spermoderm simple; embryo straight, in 
the axis of mealy albumen ; radicle superior.—Herbs or undershrubs, 
with alternate or fasciculate exstipulate leaves, somewhat sheathing at 
the base; flowers panicled or capitate. They inhabit the sea-shores 
and salt marshes chiefly in temperate regions. There are two sections 
of this order:—1. Plumbaginem, with a synpetalous corolla and con¬ 
nate styles. 2. Staticete, with a pentapetalous corolla and distinct 
styles. Lindloy mentions 8 genera, and ICO species. Examples — 
Plumbago, Statice, Armeria. 

977. Some of the plants are acrid, others have tonic qualities. 

Armeria maritima, Thrill, or common Sea-pink, grows both on the 
sea-shores and on the top of the highest Scottish mountains. Its 
inorganic chemical ingredients are said to vary in these positions 
(H 228). In Armeria the funiculus curves over the foramen of the 
ovule in a young state, but slips off at the period of fecundation, and 
allows an ovular process to proceed from the exostome towards the 
placenta. In this genus also, the scaly bracts unite so as to form an 
inverted cylindrical sheath below'the heads or shortened panicles of 
flowers 'J’lie root of caroliiitana is said to be one of the most 

powerful vegetable astringents. T'lambago mropma has been em¬ 
ployed for the relief of toothache, and has hence been called 
Toothwort. Its root is so acrid that it is used in Eounielia for causing 
issues. Administered internally in small doses it is said to be as 
effectual an emetic as Ipecacuanha. Some of the species of this genus 
act as vesicants. 

978. Order 148.—PinninsinBrew, the Ribwort Family. {Monopet. 
Hypog.) Caly.x 4-parted, persistent, aestivation imbricate. Corolla 
monopctalous, hypogynous, scarious, persistent, with a 4-parted limb. 
Stamens di, inserted into the corolla, and alternate with its segments; 
filaments long, filiform, folded inwards in the bud ; anthers dithec<al, 
versatile. Disk inconspicuous. Ovary free, 2-4-celled; ovules soli¬ 
tary, or in pairs, or 00 ; style simjile, capillary; stigma hispid, simple, 
rarely bifid. Fruit an operculate cajiside enclosed within the per¬ 
sistent corolla. Seeds sessile, peltate, or erect; spermoderm mucila¬ 
ginous ; embryo in the axis of fleshy albumen, transverse; radicle 
inferior.—Herbs, which are often stemless, with radical ribbed leaves, 
and spiked hermaphrodite flowers, or solitary unisexual ones. The 
species are chiefly found in temperate and cool regions. There are 
3 genera noticed by Lmdley, including 120 species. Examples — 
Plantago, Littorella. 

979 . The plants of this order are frequently bitter and astringent. 
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Their mucilaginous seeds are sometimes used as demulcents. Plantago 
maritima is found both on the sea-shores, and on the top of the highest 
mountains in Scotland. Its inorganic constituents are said to differ 
in these localities 228). Plantago major, Way-bred, is said to 
follow the footsteps of man in his migrations. Its spikes are used for 
feeding birds. .Sometimes the bractlets become large, and at other 
times they assume a verticillate appearance. 

Subclass IV.—MoNociit.AMYnEa£.* 

980. Corolla wanting; a calyx, or what is called a simple perianth, 
present; flowers sometimes Achlamydeous 'I'his subclass includes the 
Apetalous orders of Jussieu, and many of his Diclinous irregular orders. 
It corresjtonds to the Apctala; and Gymno.sperm® of Endlicher. 


.sifi’tion A.—ANoio.srERM.u f 
a suLumooKN t. 


Having true seeds tvith a, DicoU/lcdonons embryo. 


981. Monochlamydeous or Achlamydeous plants, having their seeds 
contained in an ovary, and fertilized by the .action of the pollen on a 
stigma. It is the Apetalous division of Endlichcr’s Acramphibrya. 

982 Order 144.—tvyringinaregr, the Marvel of Peru Family. (^Apct. 
Hypog.) Perianth tubular, coloured, contracted in tlie middle, he- 



• }Ac¥ct, one, and a clo.ik or coveiing 

t a ves&el, and a seed 

Figs 681-687—Organs of fructification of Mnabilis Jalapa, illustrating the natural order 
Kvetaglnacete 

t'lg G81 —Diagram of llie flower, with an imbricated involucre, five divisions of the perianth, 
five alternate stamens, and u unilocular oymy 

Fig. 685i.—Lower part of the flower cut vertically t, Involucre c, Base of tlie perianth, 
green and swollen around the ovfti 7 . i. Part of its coloured tube e, t»ower part of the nltuneuta. 
«, Part of the 8t>’le. o. Ovary with its ciect ovule. 

Fig 683.—Stamens i\ith convex swelling at the base of the filaments. 

Fig. 681—Style and stigma. 
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coming indurated at the base (fig. 682); limb entire, or toothed and 
deciduous; a'stivation plicate (fig. 681). Stamens cUfinite, hypogy- 
nous (fig. 682 e); anthers dilhecal (fig. 686). Ovai) snpeiioi, 1- 
celled; ovule solitary, erect; style 1 stigma 1 (figs. 6S2, (ISl), 
Fruit a caiyopsis, enclosed wiihiii flic c il irged persistent tube of the 



jH’iKuith (figs. 441, 68.5, (!8C1. F.mlirjo pcripheilcal (figs 522, 
6«6 e ); albumen farinaceous ; cotyledons foliaccous; radicle inferior 
(tigs. 686, 687).—IJcrbs, shrubs, or trees, with opposite, often unequal, 
sometimes alternate leaves, and invoincrate flowers (fies. 6.81, 682). 
'J'hey are natives principally of warm regions. Lindley notices 14 
genera, including KtO specie.s. Exuinplcs —Mirabilis (Nyctago), Boet- 
lianvia, I’lsom.i, 

986. 'File plants of the order have in general purgative qualities. 
Mirabilis Jalopa was at one time considered the Jahqi-plaiit, in place 
of Exogonium Puiija, one of the ConvolvulaoetE. M. dichotoma is the 
Marvel of I’erii, which is commonly cultivated in ganlcn.s. It is 
called in the West Indies “ four o’clock flower,” on account of opening 
its blossoms at that hour in the afternoon, tsoiiie ol the species of 
Fisonia present a peculiar ai'raiigciiient of the vascular bundles of the 
woody stem, which resembles in appearance that of F.ndoirens. 

684. Order 145 — Ainnramhnrrir, the Amaranth Family. {Apet. 
IJypoj.) I’eriaiilli 3-5-jiartite, hypngynous, sc.arious, persistent, usually 
with two bractlets at the base. Slaiiiens liypogyiious, either and 
opposite the segments of tlie perianth, or double that number, distinct, 
or united, sometimes pailly abortive; anthers either ditliecal or niono- 
tliecal. Ovary superior, single, ]-celled; ovules solitary or .several, 
amphitropal, banging from a free ccntial funiculus; style 1, or H; 
stigma simple or compound. Fruit a utricle or a caijopsis, rarely 
baccate. Seeds lentifurm, pendulous; testa ciuslaceons; embryo pen- 
pliencal; albumen i'urinaceous; i.idicle next the biluui.—Herbs and 
shrubs, with simple, ojiposite, or alteinalc e.Sslipulate leaves; (lowers 


l-rff. (185 - Fruit eiiclosc.l Iiv tl..> ppr,'! .oit and IndurahMl I. is,- of tin: pcii.inlli 

~Tlie siinic cut \i’t 'i\ ». c, J'c i.iiitli j, I’entaii’ />. rc-ispuno. 

Curved peiiplioiici.l eniKno, mu loundinp mealy albu'iicn 

Fiff ()S7.—Htiiizoniai hectutn <ii the liuit c, Feiutiuli Intcjfuincni ot the seed >iith the 
pcutaip. p, I’BUSpoini. r, liadicle c <*, Cotylflons 
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in heads or spikes, usually hermaphrodite. They are natives of tropical 
and temperate regions. 'J'here are 38 known genera, and 282 species. 
• Examples —Amaranthus, Achyranthes,Celosia, Deeringia, Goinphrena. 

985. The plants are principally mucilaginous and demulcent. Many 
of them are known in cultivation, such as Amaranthus hypochondriacus, 
Prince’s-feather; A. caudalus, Love-lies-bleeding; Celosia cn'stala, 
Cockscomb; GompArmagfoiosa, Globe amaranth. AmaratUhus BlUum, 
A. oleraceus, or Chusan Han-tsi, and other species, are used as pot¬ 
herbs. In the Cockscomb, the flowers form at the apex a peculiar 
crest of flattened or fasciatcd peduncles (fig. 230). 

986. Order 146.—Chmopodiacen, the Gooscfbot Family. (Apet. 
Perigyn. and Uijpogyn.) Perianth deeply divided, sometimes tubular 
at the base, persistent, without bracts; eestivation imbricate. Stamens 
inserted into the base of the perianth or hypogynous, opposite to its 
segments, and equal to them in number, or fewer (fig. 544). Ovary 
single, superior, or sometimes cohering to the tube of the perianth, 

1-celled; ovule solitary, attached to the base of the cell; style 2-4- 
parted ; stigmas simple. Fruit membranous, indehiscent, enclosed in 
the calyx, sometimes fleshy. Seed erect or resupinate; embryo curved 
around farinaceous albumen, often like a horse-shoe, or spiral or 
doubled together without albumen; radicle next the hilum.—Herbs 
or undershrubs, with alternate, sometimes o[iposite, cxstipulate leaves, 
and hermaphrodite or uni.sexiial flowers. I’liey are found in almost 
all parts of the world, but do not abound in the tropics. Most of the 
plants are inconspicuous weeds. There are 67 known genera, and 372 
species. Examples —Chenopodium, Salicomia, Salsola, Atriplex, Beta, 
Basella. 

987. Many of the plants of this order are used as esculent potherbs, 
such as Spinacia olcracca, Spinage, Beta vulgaris. Beet, and var. cam- 
pestris, Field Beet or Mangold Wurzol, Atriplex hortenm, Garden 
Orach, Chenopodium Bonus llenricus, English Mercury. The seeds 
of Chenopodium Quinoa are used as food in Peru, under the name of 
petty rice. 'J'he plant grows at a great elevation. Its leaves are used 
for spinage. They contain much starch and oil, combined with a bitter 
substance which appears to reside in the integuments. Many of the 
plants grow in salt marshes, and arc called Halophytes {£\s, salt, 
and (pvTov, a plant). They yield a quantity of soda. Among them 
may be enumerated species of Salicomia, Salsola, Ilalimocnemis, and 
Eochia. Beet-root yields a quantity of sugar. Amhrina anthelmin- 
tica yields a volatile oil, which is used in the cure of worms. Some 
nt' the Chenopodiums have a very fetid odour. The genus Atriplex 
h.as polygamous flowers, and was placed by Linnaius in his class poly- 
pamia. Salvadora persica, the true Mustard-tree, olunm or ahetm of 
Scripture, has been referred to this order. Bindley considers it the 
type of a new order in his Eehial alliance. The tree grows in Syria, 
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and it has been found in Ceylon. Its root is acrid. Its succulent 
fruit has the taste of cresses, and its seeds are very small. 

988. Order 147.—Phytolaccaceie, the Phytolacca Family. {Apet, 
Perigyn.) Perianth 4-5-partite. Stamens usually perigynous, inde¬ 
finite, or equal to the segments of the perianth, and alternate with 
them. Ovary of 1 or several carpels, distinct or combined ; ovule 1 
in each caqiel, ascending or erect; styles equal to the carpels in number, 
terminal or lateral; stigmas simple or divided. Fruit fleshy and dry, 
iiidehiscent, sometimes satnaroid. Seeds solitary, erect or ascending; 
('nibryo straight or curved; albumen mealy or 0; radicle next the 
hilum.—Undershrubs or herbs, with alternate, entire leaves, which are 
often dotted. They are natives both of tropical and warm countries, 
and arc found in America, Asia, and Africa. The order has been 
divided into two suborders;—1. Phytolacce®, with ascending seeds, em¬ 
bryo curved round mealy albumen, and exstipulato leaves. 2. Peti- 
verieae, with an erect seed, e.xalbuminous straight embryo, and stipulate 
leaves. There are 12 known genera, including about 70 species. Ex¬ 
amples —Phytolacca, Kivina, Petiveri.n, 

989. There is frequently much acridity in the plants of this order, 
and some of them act as irritant emetics and purgatives. The 
succulent fruit of Phytolacca dccandra, common Poke, yields a red 
juice. It has been used as a remedy in cases of chronic syphilitic 
pains, and it pos.‘ sses also emetic and purgative qualities. The plant 
is said to yield much potash. Pelweria alliacea is the Guinea-hen- 
weed, so called on account of these animals being fond of it. 

990. Order 148.—Poij^Konarca!. the iluckwheat Family. {Apel. 
llypog. and Perigyn.') Perianth inferior (fig. G88 c c), divided, often 
coloured ; {estivation imbricate (fig. 089). Stamens definite, inserted 
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of liiu'hfication of Fugop^rum os.ulpntinn (Polygonum fugoiniiini), 

to illustrAie theiutuial oHlci Polv^roiiaceip. ' 

i'lK ti88—VciUcul .svclion of the flower c c, I'ciiiintli e r, Outer stamens, whuh art in- 
tioisc. pI. Inner stamens, wlncli arc extroisc. a, Glandular apnenduKes o, Ovary nith it§ 
el eet ovule, q s, Styles and stigmas. i« » 

Fiff 689 —Diticiam of the flower, showing five divisions of the imbricate peiiunth, stamens 
opposite the divisions, with glands uiol trianKular unUocular ovarv. 

ow—Seed cut veitically, sliowlug the embryo with its iuperioi radicle curved at one 
•Ide of mealy albumen -> .t *• 
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into the hottom of the perianth (fig. 688 e e, e f); anthers with longi¬ 
tudinal dehiscence. Ovary free (fig. 688 o), usually formed by 3 car¬ 
pels, unilocular; ovule solitary, orthotropal (fig. 418); styles and 
stigmas equal to the carpels in number (fig. 688 s). Fruit a nut, 
usually triangular, naked or covered by the persistent perianth (fig. 
271). Seed erect; albumen farinaceous; embryo antitropal, gene¬ 
rally on one side (fig. 690), sometimes in the axis of the albumen; 
radicle superior (fig. 690).—Herbaceous, rarely shrubby plants, with 
alternate, stipulate, or exstipulate leaves, and often unisexual flowers. 
They are found in almost all parts of the world, more especially in the 
temperate regions of the northern hemisphere. They grow in fields, 
waste-grounds, ditches, mountains, &c. The order has been divided 
into two tribes:—1 Polygoneas, with loose flowers, embryo usually 
abaxial (fig. 521), ochreate stipules (fig. 132). 2. Eriogonem, with 

involucrate flowers, embryo axial, leaves generally exstipulate. Lind- 
ley enumerates 29 genera, including 490 species. Examples —Poly¬ 
gonum, Rumex,Rheum, Eriogonum. 

991. 'I’he plants of this order have astringent and acid properties, 
some of them are jiurgauve, and a few arc acrid. _ Their astringency 
depends on the presence of tannin, and their acidity chiefly on oxalic 
acid. The root of PyO/youmn./hstorto, r.i.stoit, .so called on account 
of its double twist, contains much tannin, some gallic acid and starch, 
and is a powerful a.stringent. 'I’lie leaves of P. Hi/dropiper, IV^ater- 
pepper, are acrid and vesicant. 7'. tmetorium yields a blue dye. The 
fruit of P. uviculare is emetic and purgative, 'i'he fruit of Fagopyrum 
e.milculum, and other species of Buckwheat, is used as food. 'J'he 
plant is cullivated in some northern countries. The leaves of Rumex 
acetosa, Common Sorrel, and of R. Acctosella, I’icld Sorrel, are acid 
and astringent, fl'he roots of Rumex a<piaileus, Water Dock, R. Ihj- 
drolapathum. Great Water Dock, and of other species, are used as as¬ 
tringents, and alterative.s, while those of R. ulpimis, under the name 
of Monk’s-rhubarb, were lormerly employed as purgatives. One of 
the most important plants of the order is the Rhubarb-plant. The 
otlicinal Rhubarb is the root of an undetermined species of Rheum. 
'The extent of country from which rhubarb of one kind or another is 
actually collected, ac.'ording to Christison, stretches from Ludak, in 
n}f cast longitude, to the Chinese province of Shen-si, 29° farther 
east, and from the Sue-chan mountains, in north latitude 26°, nearly 
to the frontiers of Siberia, 21“ northward. The best rhubarb is said 
to come tfom the very heart of Thibet, within 95° cast longitude, and 
35° north latitude, fi\t‘ or six hundred miles north of Assam. The 
tullowmg are the species Rheum said to yield rhuharb:— 

1. Rheum fahmiltihi, This has gerhaiis the best title to be considered the true 

rliubarb-iilant. 

2. Rheum undulatwn^ b., whicli yields mucb of the French ihubarb. 
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3. Rheum compactumy L. Another species yielding French rhubarb, and often cul¬ 

tivated in Britain for its acid petioles. 

4. Rheum Emodiy Wall. This species yields a kind of Hiinalayau rhubarb. Its 

petioles are uspd for their acid properties. 

6. Rheum rhoponticumy L. Used in France and Britain in the same vray as the 

third species. 

6 Rheum hybi'ldum, Mun*. Mucli cultivated in Germany for its root, and in 

Britain for its stalks. 

7. Rhnim Wehbianumy Koyle. A Himalayan species. 

8. Rheum spicifonney Koyle. Anotlier Uiinalavan species. 

9. Rheum Moora'ofiianvmy Koyle. Another Himalayan species. 

10. Rheum craesinevviuniy Fiselj A Itus-sian species. 

11. Rheum leucorhiznmy Pull. A Sibeiian and Altai .species, said to yield imperial 

or White Klmbarl). 

12. Rheum Ur/spicam, Fisch A C^ipsian and Altai species. 

13. Rheum Rtbes, L. An Affghanistan and Persian species. 

All these sjx’cies grow in the cold parts of the world, as on the Altai 
mountains, in Siberia, Thibet, North ot China, and on the Himalayan 
range. The rhubarb procured I'roin one or more of these species, is 
known in commerce under the naines oi' Russian or Turkey, Chinese or 
East Indian, and English rhubarb. Rhubarb contains raphides of oxa¬ 
late of lime 18), along v\ith tannin, gallic acid, resin, and a peculiar 
yellow-coloured principle called rliabarberiri, which seems to be 
identical with chrysophanic acid. Rajihides form from 35 to 40 per 
cent, of Turkey rhiiharb, and givi' rise to its gritl incss. 'J'hese crystals 
are less abundant in the other varieties of rhubarb. Rhubarb is 
employed medicinally as a cathartic, astringent, and tonic, in the form 
of powder, pill, extract, tincture, wine, and infusion. Coccoloba 
xtvifim, Sea-side-grape, so called from the apyiearance of its fruit, 
yield.s an astringent substance, called Jamaica Kino 

992. Order 149. — Bvaouiocia-. the llegonia Family. (^Apet. Diclin.) 
Flowers iinise.xnal. Perianth coloured, having usually 4 divisions in 
the male llowers, and 5 or 8 in the female, some being smaller than 
others; sestivatinn imbricate. vStariiens 00, distinct, or united into a 
solid column; anthers collected in a lioad, dithecal, with a thick 
connective, and longitudinal (kdiisceiice. Ovary adherent to the tube 
of the perianth, winged, 3 celled, with three placentas meeting in the 
axis; cules 00, aiiatrojial; .stigmas 3, sessile, 2-lobed, somewhat 
spirally twisted. Fruit a membranous, triangular, winged capsule, 
dehiscing below in a lociilicidal manner. Seeds 00, minute; te.sta 
thin and reticulated; albumen 0; embryo oblong; radicle next the 
hiluin.—Semi-suceulent herbaceous plants and undershriibs, with 
alternate oblique leaves, having large .scarious stipules. Tliey are 
sometimes called Elephant's-car, from the form of the leaves. J'hey 
are natives of warm couniries, as the East and West Indies, and South 
America. The stomata on the lower side of the leaves of many of the 
species of Begonia are arranged in clusters, and exhibit a beautiful 
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appearance under the microscope. Their leaves and young stems are 
acid, and have been used for tarts. Their roots are astringent and 
slightly bitter. Begonia obliqna is said to have purgative roots, and it 
is sometimes called wild rhubarb. There are 3 genera, and 159 
known species. Example —Begonia. 

993. Order 150.—Laumcc*, the Laurel Family. (Apet. Perigyn.) 
Perianth with 4 or 6 divisions, which are usually in 2 rows (figs. 
691, 692), the limb sometimes obsolete; aestivation imbricate (fig. 692). 
Stamens perigynous, definite, often twice as many as the divisions of 
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the periantli, and arranged usually in two lows; those of the inner 
row (often three) being fiequeutly sterile (staminodia), (fig. 693 e s). 
while those of the outer (often six in number) are fertile (figs. 692, 
693 e/); if the inner sl.ainens are fertile, they are extrorse, while the 
outer are introrsi'; filaments of the inner row often with glands at 
their base (figs. 325, 694 g ); anthers 2-4-cellcd, cells opening by 

^l£^s fi91-(>97 —Ovt-mvof tiurtilu’iifion of Cimmmotnum ze^lftnicom (Laurus Clnnamomum), 
tit jllustiato tlic ipiiuitil oithT i^auiaif.o 

Fiff (IHl—HovtcM entiif, with (i-iliMtk'il pcniiiilli 

B92.— liiaKnun oUlie flower, vvitli mn mihi nate ilivtsions of the permnth; stamens in two 
r«tw8, the outer six mtunv', tlo' inner thice e.xtioise , disk, und tmiloeular ovarj’. 

J’lff —The flower e :: t I i” . • j.cimntli e A Fcililo outer Rt+vniens with vulvular 

Introrsc dehiscence, e s, ... - i - with glandular bodies o, Monothecal ovaly with 

pendulous ovule s, St\le. and obtuve stigiiia 

Fig (i94 —Stamen separated /, 1 ilurneiit with tivo glandular bodies, g g, at its base, a, An¬ 
ther with vuhes 

Flff dhr) —Anther viewed seiHirate’y, showniic its mode of dehiscence fiom below upwards by 
ftmv ionjiituduial \aheK. 

Fig fl'Kt —built, which is succulimt and partially enclosed in tlie persistent perianth 

1 tg BUT—Tile fi uit deprived ol ttie peilunth, and cut vei tically. p, Pericarp. Integument 
of the seed, e, Fmbryo. 
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longitudinal valves (figs. 325, 695). Ovary superior, unilocular (fig. 
693 o); ovule solitary, pendulous (fig. 693); style simple ; stigma ob¬ 
tuse (fig. 693 s). Fruit baccate or drupaceous, naked, or covered by the 
enlarged perianth (fig. 696); peduncle of the fruit sometimes becom¬ 
ing fleshy. Seed solitary, pendulous; albumen 0; embryo inverted 
(fig. 697 e ); cotyledons large, plano-conve.x, peltate near the base; 
radicle very short, superior; plumule conspicuous. Trees, with 
exstipulate, alternate, rarely opposite leaves; sometimes twining, para¬ 
sitic, and leafless herbs or undershrubs. They are natives chiefly of 
the tropical regions of Asia and America. Few are found in Africa. 
The order has been divided into two suborders:—1. Laurere, true 
Jvaurels, trees with leaves. 2. Cassythese, Dodder-laurels, climbing 
parasitic plants without leaves. There are 47 known genera, and 
459 species. Examples —Laurus, Cinnamomum, Persea, Nectandra, 
Tetranthora, Cassytha. 

991. The plants of this order are in general aromatic and fragrant. 
Many of them yield volatile and fixed oils, others furnish camphor, 
and others have bitter and tonic barks. Some supply useful timber. 
Laurus nobilis is the Vietor’s-laurel, the le.ives of which were used to 
crown the conquerors in battle, and in the Olympic games. It is 
probably the mttt of the Bible It is often called Sweet-bay, and is 
quite distinct from the common Bay, or Cherry-laurel {Cerasus Lauro- 
cerasus)^ both as regards structure and properties. It does not yield 
any hydrocyanic acid. The leaves and fruit are used medicinally as 
aromatic stimulants. The leaves contain a volatile oil, and the dark- 
coloured fruit yields, by expression, an odoriferous concrete oil of a 
green colour, called Oil of Bays. It is the only species found in Europe 
in a wild state. Camphora offiemantm (Laurus Camphora), a native 
of China, Japan, and Cochin-China, is the Camphor-tree. Many 
plants sujiply a kind of Camphor, but the common camphor of the shops 
is the produce chiefly of this tree. All parts of the tree supply it, but 
it is obtained principally from the wood by distillation and subsequent 
sublimation. It is used in medicine as a sedative antispasmodic, in 
the form of mi.xture and tincture. The Borneo camphor has been 
noticed under the natural order Diplerocarjiaceae (K 789). Sassafras 
officinale {Laurus Sassafras), is an American tree, the root, wood, and 
flowers of which have been used in medicine. The root is prescribed 
in Britain as a warm aromatic stimulant and diaphoretic. It contains 
a volatile oil. A kind of Sassafr.as oil is procured from Nectandra or 
Ocotea cymharurn. on the Casiquiarc river in S. America. Cmnamo- 
mum zeylanicum (Laurus Cinnamomum), is the true Cinnamon-tree, 
cultivated in Ceylon. It attains the height of 30 feet The bark of 
the tree constitutes the cionamon of commerce, the pD3p of the 

Bible. The young twigs about three years old furnish the best 
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cinnamon. The bark yields by distillation an oil, which is at 
first of a yellow colour, but soon assumes a reddish hue. The 
ripe fruit yields a concrete oil called cinnamon-suet. The root 
yields camphor. Cinnamon is administered as a tonic, stomachic, and 
carminative. The average importation of cinnamon into London is 
estimated at 500,000 pounds. The leaves of the cinnamon-trec are 
more or less acuminated; they have three principal ribs, which come 
into contact at its base, but do not unite; its young twigs are not 
downy, and its leaves have the taste of cloves. Cmnamomum Cassia 
or aromaficum (Laurus Cassia), seems to be the chief source of the 
Cassia lignea, or Cassia-bark of commerce, the ^^|7 of the Bible. It 

differs from the true cinnamon in m.my particulars. Its leaves are 
oblong lanceolate; they have three ribs, which coalesce into one at the 
base; its young twigs are downy, and its leaves have the taste of cinna¬ 
mon. There is a fine specimen of ihe i>Iant about twenty feet high in the 
Edinburgh Botanical Garden, which bears flowers regularly every year, 
and occasionally lias produced fruit. Cassia-bark is imported from 
Canton through Singapore. It yields a yellow volatile oil called Oil of 
Cassia. Both the bark and oil are adininisteied as aromatic stimu¬ 
lants. It is probable that Cassia Inid.s, which consist of the llower-liud 
(perianth and ovary), are the jiroduce of tlie Cnssia-b.ark tree. They 
are used chiefly in coiifoctionery, and tiny have the llavmir and pun¬ 
gency of Cassia. Malabar Cassia a]i])ears to he the [iroduoe jf another 
species of Cinii.amomum, perhap.s C eucaljipioidcs. Ni ctandra lioduvi, 
a largo tree found in Biitish Gniaiia, yields a bark known as the 
Beheeru-bark. Tlie wood of the tree is imported for slnp-biiilding, 
under the name of Groen-he:ii*t. 'j'lie bark was used by Dr. Jfodie, wlio 
detected the existence of an alkaloid called Bebeeiine. Di. Douglas 
Maclagan obtained it pure, and timiid along with it another alkaloid 
c.alled Si[)eeriiie. Sulphate of Beheeriiie is used as an aiitiperiodic. 
'I'he cotyledons of the seed conlain inucli starch, .and are iisod for food. 
Persea (/ratissiina (f.aiirus Pcrsca) yields a pear-shajied succulent 
ti'uit c.alled Avocado or Alligator-juar, or Subaltern’s-butter. , It 
contains a fixed oil. The clove nutmegs of Madagascar are produced 
by Affatliopliylliim aroinaticiiin, and Brazilian nutmegs an- the produce 
of Crppfocari/a nioscliata. IScmoin odorifenm is the Spice-wood or 
Fever-bush of North America. 

Ofia. Order 151.—'(ijriHiicarcw, the Nutmeg Family. (Apet. Di- 
clin.') Flowers unisexual. Beii.anth trifid, rarely quadritid, in the 
female deciduous; msiivation v.alvate. Stamens 3-12; filaments 
combined into a cyhiider ; aiilhers tmiled or di.stinct, dithecal, ex- 
trorse, delii.scing longitudmary. Ov.iry tree, composed of one or 
more carpels, unilocular; ovule solitary, erect, analro[)al; style very 
short; stigma soiiiowlmt lobed. Fruit succulent, 1-celled, 2-valved. 
Seed solitary, usually covered by a lacioijted arillus; embryo small, 
ortbotropal, at the base of runinnite albumen; cotyledons foliaceous: 
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radicle inferior.—Trees with alternate, exstipulate, entire, not dotted 
leaves. Natives of the tropical regions of Asia and America. There 
are 5 known genera, and between 80 and 40 species. Example — 
Myristica. 

996. Acridity and aromatic fragrance are the properties of the 
order. The most important plant is Myristica officinalis {M. moschata 
or aromalica), a tree attaining a height of thirty feet, found in the 
Moluccas, and cultivated in many tropical countries. The fruit is 
drupaceous, and opens by two valves when ripe, displaying the beau¬ 
tiful reticulated scarlet arillus which constitutes mace. Within this 
Ls a thin, hard, dark-brown, glossy shell, covering the kernel, which 
is the nutmeg of the shops. It is said that a single tree will yield on 
an average about six pounds of nutmegs. By expression they are 
made to yield a concrete oil called Adepis MyrisHca;, or sometimes 
erroneously oil of mace. A volatile oil is also procured by distillation. 
Mace is an arillodc or additional covering of the seed commencing at 
the exostome (If 581). It has a fine crimson hue, and yields a fatty 
matter and volatile oil, resembling those of the nutmeg. Nutmeg 
and mace are used medicinally as aromatic stimulants and condiments 
In large doses they have a narcotic effect. 'Ihe fleshy part of the 
fruit is used as a preserve. The kernels of Myristica tomerdosa are 
also used as aromatics, under the name of wild or male nutmegs. 
The bark of m.any plants of the order yields, an acrid juice, which is 
sometimes of a crimson colour. A rod pigment is furnished by Pyrrliosa 
tin/jens. 

Order 997. 152.— Pi-otcnocai, the Protea Family. {Apet. Perigyn.) 
Perianth more or less deeply 4-divided ; mstivation valvate. Stamens 
perigynous, 4 (1 sometimes sterile), opposite the segments of the 
perianth; anthers ditliecal, with longitudinal dehiscence. Ovary 
single, superior, unilocular; ovules single or in pairs, anatropal or 
amphitropal; style simple; stigma undivided, discoid. Fruit dehis¬ 
cent or indehiscent. Seed exalbuminous, sometimes winged; embryo 
straight; cotyledons 2 or more; radicle inferior, ne.xt the hilum.— 
Shrubs or small trees, with hard, dry, opposite or alternate, cxstipulate 
leaves. They are natives princijaally of Australia and the Cape of 
Good Hope. In general they occur in land unfit for cultivation, and 
seldom attain to a considerable size. The order has been divided into 
two sections:—1. Nucuraent.acca5, with nucumentaceous indohibcent 
fruit. 2. Follioulares, with follicular dehiscent fruit. Bindley mentions 
44 genera, including G50 species. Examples —Protea, Persoonia, 
Grevillea, Ilakea, Banksia, Dryandra. 

998. The plants of this order have no medicinal properties of im¬ 
portance. They present great diversity of appearance, hence the name 
of the order, and they are cultivated for their handsome habit, and 
the peculiarity of their flowers. The clustered cone-like heads of the 

z 
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flowers of Banlsias have a remarkable appearance. In Grevillea the 
style IS at first bent downwards, and the discoid stigma is enclosed 
within the upper part of the perianth, where the anthers are placed ; 
but after the pollen has been scattered, the stigma is emancipated, and 
the style rises upwards. The fruit and seeds of a few plants of the 
order are eaten, and the wood is used for economical purposes. 
Guemna Arellana yields nuts, which are sold in Chili under the name 
Avellano. Protea mcllifcra is called Sugar-bush, on account of the 
honey furnished by its flowers. Lcuatilendron iiiyiiitenin is the Silver- 
tree or Witleboom of the Cape. The bark of Proh'u ijrainhjlora^ 
called Wagenbooin, is u.sed by the Capo settlers in diarrhnea. It 
attains a height of 8-14 feet, and its wood supplies fuel at Simon’s 
Town. Grevilleu rohusta is called Silver-oal;. 

yyi). Order lud.—nisragnncca:, the Oleaster Family. (Apet. DicUn. 
and Peru/yn.) Flowers usually unisexual, rarely henna])hrodite. 
Male flowers .amentaceous, with 2-4 leaves forming the perianth; 
stamens 3, 4, or 8; anthers nearly se.ssile, ditheoal, introrse, and 
dehiscing longitudinally. In the female and hermaphrodite flowers, 
perianth tubular, persistent, rvilh an entire or 2-4-toothed limb. Disk 
fleshy. Ovary superior, 1-celled; ovule solitary, ascending, on a 
short funiculus, auatropal; style short; stigma simple, subulate, glan¬ 
dular. Fruit a crustaceous acliaenium, enclosed within the enlarged 
succulent peiianth. Seed ascending ; embryo straight, .surrounded by 
thin fleshy albumen; cotyledons fleshy; radicle inferior.—Trees or 
shrubs, with alternate or opiiosite, entire, exstipulate leaves, which are 
often covered with scurfy scales (fig. 83). 'I'hey are found in all parts 
of the northern hemisphere. I'hey have no marked medicinal pro¬ 
perties. The fruit of some is eaten. Hippophac rkamuotfles. Sea 
Buckthorn, is furnished with sharp spines, and forms a good hedge 
near the sea. Its fruit is eaten, although it is said by some to have 
narcotic qualities. The ])lant yields a yellow dye. The fruit of 
Etmaynus parvifolia is eaten. Its flowers are higlily fragrant, and 
abound in honey, wliicli is esteemed as .a remedy for malignant fevers 
in some parts of Europe. There arc 4 known genera, and 30 species. 
Examples —Ekcagims, Ilippopluio. 

1000. Order 151.—Pfua-nreir, the Sarcocol Family. (Apet. Perigyn.) 
Perianth coloured, salvcr-sliaped, with a 4-lobed limh, and with two 
or more bracts at its base, persistent. Stamens perigynous, either 4 
or 8, alternate with the lobes of the perianth ; anthers dithecal, introrse. 
Ovary superior, 4-celle(l; ovules usually in pairs, collateral, auatropal, 
ascending or suspended; stylo simple; stigmas 4. Fruit a 4-celied, 
4-valved capsule. Seed erect or pendulous ; testa brittle ; hilum 
with a fungus-like aril; nucleus a fleshy mass, without distinction of 
albumen or embryo.—Shrubs, with opposite, entire, e.xstipulate leaves. 
They are found at the Cape of Good Hope. They have no known 
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properties of importance. The gum-resin called Sarcocol is said to be 
{)roduced on the perianth of Pencea Sarcocolla, and other species. 
There are two sections of this order:—1. Penajese, sestivation valvate, 
stamens 4, connective fleshy, ovules ascending. 2. Geissolomere, .•esti¬ 
vation imbricate, stamens 8, connective not fleshy, ovules suspended. 
'I’here are S known genera, and 21 species. Examples—Poxisia, Geis- 
solorn.a. 

1001. Order 155.—Thymc-iaaceie, the Daphne Family. {Apel. 
Petii/jjn.') Perianth tubular, coloured, 4- rarely 5-cleft, inferior; 
occasionally with sc.ales in its orifice; tcstivation imbricate. Stamens 
perigynous, definite, often 8, sometimes 4 or 2 and then opposite the 
segments of the perianth; .anthers dithecal, with longitudinal dehis¬ 
cence. Ovary free, 1-celled; ovule suspended, anatropal (fig. 42C); 
style 1; stigma undivided. Fruit either nut-like or drupaceous. 
Seed solitary, pendulous; albumen 0, or thin and fleshy; embryo 
straight; cotyledons plano-convex, or somewhat lobed and shrivelled ; 
radicle superior.—Shrubby, rarely herbaceous plants, with alternate, 
or opposite, entire, exstipulate leaves. Natives of various parts of tlie 
world, both in warm and temperate regions. There are two sections 
of the order:—1. Daphneie, with hermaphrodite or rarely unisexual 
flowers, and plano-convex cotyledons. 2. Ilernandiem, with poly¬ 
gamous flowers, and lolied and shrivelled cotyledons. Lindley enu¬ 
merates 38 genera, including 300 species. Examples —Dajihne (Thy- 
mela;a), Passerina, Pimelea, Guidia, Lagctta, Exocarpus, llernandj.i, 
1 nocarp us. 

1002. The bark of many of the plants is acrid and irritant, the 
fruit is often n.arcotic. The b.ark of the root, as well as that of the 
branches of Daphne Mezereum, Mezereon, is used in decoction as a 
diaphoretic in cutaneous and syjihilitic afl'ections. In large doses it 
acts .as an irritant poison, causing hypercatharsis; and, when applied 
externally, it acts as a vesicant. It contains a neutral crystalline 
principle called Daplinein. The succulent fruit is also poisonous. 'J’he 
b.arks of Daphne Gnidium, D, alpina, D. Cneorum, D. pontica, and D. 
Ijaureola, Spurge-laurel, have similar proper.ties. The bcnics of 
Daphne Laurenla. are poisonous to all animals except birds. Tlie fruit 
of Dirca patustris, Leather-wood, is said to be narcotic. 'The bark of 
many of the plants is made into ropes and p.aper (fig. 101). The inner 
bark of Lagctta liniearia {Daphne Lagetta,) when cut into thin ])ieces 
after maceration, assumes a beautiful net-like appearance, whence it 
has received the n.-ime of Lace-bark. The bark, young learc'-, and 
seed of llernatidia, are slightly pm gative. The seeds of Inocuijnis 
edulis have the taste of chest’'uts, and are eaten when roasted. 

1003. Order 156.—Aqnilnriaceic, the Aquilaria F.imily. {Apet. 
Perigyn.) Perianth coriaceous, imbricate or tubular, limb 4-5-lobed; 
aestivation imbricate. Stamens usually 10 fertile, alternating with lu 
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Sterile, in the form of petaloid scales, sometimes 8 or 5 ; filaments in¬ 
serted into the orifice of the perianth, often united; anthers dithecal, 
with longitudinal dehiscence. Ovary free, ovate compressed, 2-celled ; 
ovules 2, suspended, anatropal; stigma usually sessile, large and simple. 
Fruit a pyriform, sessile, or stipitate 2-valved capsule, or drupa¬ 
ceous and indehiscent. Seeds 2, one on each placenta, pendulous ; 
albumen 0; cotyledons fleshy, hemispherical; radicle straight, superior. 
—Trees, with alternate or opposite, entire, stalked, and exstipulate 
leaves. They are natives of the tropical regions of Asia. They have 
no known medical properties. Aquilaria ovata and Agallochum fiu- 
nisli a fragi'ant wood called Eagle-wood, or Aloes-wood. It is pro¬ 
bably the the trees of Aloes or Lign-Aloes, of the Bible, yield¬ 
ing an aromatic perfume. It has been considered a cordial by some 
Asiatic nations, and has been pt escribed in Europe in gout and rheu¬ 
matism. There arc G genera noticed, including 10 species. Examples 
—Aquilaria, Gyrinopsis. 

1004. Order 157.—Chniiietinct’a', the Cbailletia Family. (Ape/. 
Periyyn.) Perianth 5-parted, with an incurved valvate tfcstivation. 
Stamens inserted into the base of the periantii, 5 inner fertile opposite 
the segments of the perianth, H outer sterile, j)etaloid, usually with 
glands at their base; anthers ovate, vers.itile, dithecal. Ovary free, 
2- 3-celled; ovules twin, pendulous; styles 2-3, distinct or combined; 
stigmas capitate or obscurely 2-lobed. Fruit dry, 1- 2- or 3-cellcd. 
Seeds solitary, pendulous, e.xalbumiiious ; embryo thick; cotyledons 
fleshy; radicle superior.—Tices or shrubs, with alternate, stipulate 
leaves, and axillary peduncles, often cohering to the petiole. They 
are natives of the warm parts of Africa and South America. The 
fruit of Chaiilctia toxica/hi is said to be poisonous; it is called Eats- 
bane in Sierra Leone. There tire 4 genera, and 10 species known. 
Examples —Chaiilctia, Tapura. 

1005. Order 158.—Saoijdnccsr, the Samyda Family. (Apet. Peri- 
yi/ii.) Perianth 4-5-divided, usually coloured inside ; a'Stivation some¬ 
what imbricate. Stamens inseited into the tube of the perianth, 
2, 3, or 4 times as many as its divisions, either all fertile, or the alter¬ 
nate ones sterile, shorter and fringed; filaments monadelphous at the 
base; anthers erect, ovate, 2-cellcd. Ovary free, 1-celled; ovules 
00, attached to parietal placentas, serni-anatropal; style 1, filiform; 
stigma capitate or slightly lobed. Emit a coriaceous, unilocular, 3-5- 
valved capsule, partially dehiscent. Seeds OO, fi.xed uregularly on the 
jmlpy inner surliice of the valves, with a lleshy arillus, and a hollowed 
hilum; embryo large, in the midst of oily or fleshy albumen; cotyle¬ 
dons ovate, foliaceous; radicle pointing to the extremity remote from 
the hilum.—Trees or shrubs, with alternate, simple, stipulate leaves, 
usually having pellucid, round, or linear markings. Natives of tropi¬ 
cal regions, chiefly in America. Some of the species of Casearia are 
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Viitter and astringent. .A decoction of the leaves of Casearia Lingua, 
called by the Brazilians Cha de Frade and Lingua de Fin, is also used 
internally in inflammatory disorders and malignant fevers. There 
are 5 known genera, and 80 species. Examples —Samyda, CasearLt 

1006. Order 159.—iiomaiiareoi, the Homalia Family. {Apet. 
Perigyn.) Perianth funnel-shaped, with 5 to 15 divisions, and having 
u.sually alternating petaloid segments, and glands or scales in front 
of the outer divisions. Stamens perigynous, either single or in parcels 
of 3 or 6, alternating with the outer divisions of the perianth ; anthers 
dithecal, with longitudinal dehiscence. Ovary partly adherent to the 
tube of the perianth, 1-celled; ovules numerous, anatropal, pendulous, 
attached to 2, 3, or 5 parietal placentas; styles 3-5, simple, filiform, 
or subulate. Fruit either baccate or capsular. Seeds small, ovate; 
embryo in the axis of fleshy albumen; cotyledons leafy; radicle 
superior.—d’rces or shrubs, with alternate leaves, having deciduous 
stipules. Many look upon the petaloid division of the perianth as 
true petals. Lindley puts this order in his Cactfd alliance, and con¬ 
siders it as allied to Loasacete. It contains tropical plants, which do not 
possess any important properties. Lindley mentions 8 genera, includ¬ 
ing 30 species. Examples —llomalium, Nisa. 

1007. Order 1(10.—iDniiinlnccaM the Sandal-wood Family. (Apet. 

Epigyn) I’erianth superior, 4-5-clcft; mstivation valvate. Stamens 
4-5, opposite the segments of the perianth, and inserted into their 
bases. Ovary coherent, 1-celled; ovules 1-!. nonduloiis from the apex 
of a central placenta; slylel; stigma often lobed. Fruit nut-like or 
drupaceous. Seed solitary; erabr^’o minute, in the axis of fleshy 
albumen; radicle superior —Trees, shrubs, or heibs, \'.ith altern.ite or 
nearly opposite exsti[mluto leaves. Found in vaiious parts of the 
world, as Europe, Asia, America, and New Holland. Lindley 
gives 18 genera, including 110 species. Santalum, Osyris, 

I'hesium. 

1008. Some arc astringent, others yield fragrant wood. Santalum 
o/huin, and other Indian and Polynesian spccie.s, yield Sandal-wood, 
which is used both medicinally and as a perfume. The seeds of some 
of the plants of the order arc eaten. The species of Thesivm seem to 
bo root-parasites. The large seeds of Pyrulaita oleifera, Buffalo-tree, 
or Oil-nut, yield a fi.xcd oil. 

1009. Order IGl.—.*r;Ni«io<-iiiaooEe, the Birth wort Family. (Apet. 
Epigyn.) Perianth adherent, tubular, 3-cleft (fig. 699), regular or 
sometimes very irregular (fig. 608); estivation valvatc or induplicate. 
Stamens 6-12, epigynous, distinct or gynandrous (fig. 701). Ovary 
infeiior, 3-6-celled (figs. 700, 702); ovules 00 (fig. 700), anatropal, 
horizontal; style simple, short; stigmas radiating, 3-6 (fig. 701 «), 
Fruit dry or succulent, 3-G-celled (fig. 703). Seeds (fig. 704) numer¬ 
ous; embryo reiy minute, at the base of fleshy albumen (fig. 705); 
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cotyledons inconspicuous; radicle next tbe hilpm (fig. 706).—Herbs 
or shrubs, often climbing, with alternate, simple, often stipulate leaves, 




703 70<> 

and solitary axillary flowers. Found in abundance in the warm 
regions of South America, and growing also in the temperate and 
cold regions of Europe, Asia, and America. There are 8 known genera, 
and 130 species. Exmnjyles —Asarum, Aristolochia. 

1010. The plants of the order are generally bitter, tonic, and stimu¬ 
lant. Some are acrid, and act as emetics. The leaves of Asarum 
europwum are used as an acrid emetic under the name of Asarabacca. 


Fissfl. 698-706.— Organs of Ihictiflcation of Aristolochia Clcmatitis, to illustrate the natural order 
Aristolochlucefe. 

Fig 698.—Flower entire, consisting of an Inferior ovar/, and a supeilor, ln*cffulrtr, funnel- 
ehajHid perianth, o, I’tat of tlie veilantU adherent to the ovarv. C, Part ot the tube of the 
perianth, with a swollen poitlou iit the base, enclosing the antheis and stignia. i, Limb of the 
iterlanth prolonged laterally in a toncue like f(*nn 

Fig. 099. — Diatfrain of the floaei, allowing tliiee divisions of the perianth, six anthers, and s\x 
cells of theovaiy. 

ovules. Radl- 


aimit of the ovary. 


Fig. 702 —Horisontal section of the six-ccllcd ovary. 

Fig. 703 —Ripe fralt Fig. 70i.—Angular seed. 

Fig. 705.—Seed cut vertically, <, Integument thickened near the chulaza. jp, Fleshy peri- 
>erm. e. Minute erohrvo- 

Fig. .06.—Embryo wparated, with cotyledons and radklo. 
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The roots appear to have greater activity than the leaves. The 
powdered root and leaves enter into the composition of cephalic snuffs, 
which cause sneezing by their irritation, and are used in cases of head¬ 
ache and ophthalmia. An active crystalline substance, called Asarin, 
exists in the plant, Asarum canadense, Wild Ginger, or Canada 
Snake-root, is used as a spice in Canada. -The shrubby species of 
Aristolocf/ia have a peculi.ar arrangement of vascular bundles in their 
wood. There are no concentric zones, but a number of separable 
wedges 90). The name of Birthwort, given to Aristolochias, 
depends on their supposed action on tiie uterus. Some of them are 
used as emmenagogues. The root of Aristolochia serpmtaria, Virginian 
Snake-root, is a stimulant tonic. The jilant is a native of the United 
States. It was formerly used as an antidote to snake-poison. It is 
now employed occasionally as a tome diaphoretic. Aristolochia longa, 
rotunda, and Clemaiiiis, were celebrated in ancient times as uterine 
remedies. The roots of many of the species have a strong aromatic 
taste. Those of Aristolochia anguicida are said to stupify snakes. 

1011. Order 1G2.—IVt-pcntbarrir, the Pitcher-plant Family. {Apet. 
Diclin.) Flowers dioecious. Ferianth 4-parted, inferior; sestivatioa 
imbricated. Male flowers: stamens united in a solid central column ; 
anthers about Iti, foiming a spherical head, extrorse, and with longi¬ 
tudinal deliisccnce. Female flowers: ovary free, four-cornered, 
4-celled; ovules 00; stigma sessile. Fruit a 4-celled, 4-valved 
capsule, with loculicidal dehlscnice. Fi’eds 00, ascending, very 
minute, fusiform, with a loose testa; nucleus lesg than the seed, sus¬ 
pended by the chalaza; embryo in the midst of lleshy albumen; 
cotyledons plano-convex; radicle pointing to the hilum.—Herbs, or 
half-shrubby plants, with alternate liaives, slightly sheathing at the 
base, having a fbliaceous petiole, which forms an ascidium at its 
extremity, and tlie lamina in the ibrm of a lid (fig. 184), Natives of 
swampy ground in thoFast Indies and China. They have no known 
properties. The jiitcliers have been found to contain a solution of 
binoxalate of potash. Some chemists liavc detected muriate of soda, 
malic, and other acids in them. Spiral vessels abound in all parts 
of the pitcher plants; and the woody bundles are without concentric 
zones. Lindley gives 1 genus, and 6 species. Example —Nepenthes. 

1012. Order 1C3.—Baiiocm-v*. the Uatisoa Family. (Apet. Didin.) 
Flower* unisexual. Male flowers: perianth 3-4-divided. Stamens 
3-7; anthers linear, membranous, dithecal,with longitudinal dehiscence. 
Female flowers: perianth adherent, 3-4-toothed. Ovary inferior, 
unilocular; ovules 00, anatropal, attached to 3 or 4 parietal placentas; 
styles as many as the placentas. Fruit a 1-celled capsule, opening at 
the apex. Seeds 00, strophiMate, with a reticulated spermoderm; al¬ 
bumen 0; embryo straight; cotyledons very short; radicle pointing to 
the hilum.—Herbaceous branched plants or trees, with alternate, ex- 
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Stipulate leaves. They are scattered over North America, various 
parts of Asia, and the south-eastern part of Europe. Some of the 
plants are said to be bitter, and others of them have purgative quali¬ 
ties. It has been stated that female plants of Datisca cannahim have 
produced seed without the application of pollen. Fibts are still 
wanting to prove this.. Lindley mentions 3 genera, and 4 species. 
Examples —^Datisca, Tetrameles. 

1013. Order 1G4.— Empctraccn. the Crowberry Family. (^Apct. 
Diclin.') Flowers unise.xual. Perianth bud-like, consisting of per¬ 
sistent imbricated scales, in 2 or 4 alternating rows, the inner row 
ollen petaloid. Male flowers: stamens 2-3, equal in number to the 
scales in each row, and alternating with the innermost, hypogynous ; 
anthers roundisli, dithecal, with longitudinal dehiscence. Female 
flowers: ovary free, seated on a fleshy disk, 3- 6- or 9-celled; ovules 
solitary, anatropal, ascending; style 1; stigma with as m.any radii as 
there are ovarian cells. Fruit a nuculanium, seated within the per¬ 
sistent perianth. Seeds solitary in each nucule, ascending; embryo in 
the axis of fleshy albumen j radicle inferior.—Heath-like shrubs, with 
alternate or somewhat verticillato, evergreen exstipulate leaves. They 
inhabit chiefly Europe and North America. The fruit of some is 
slightly acid. Empetmm nigrum, the black Crowberry, is common on 
the mountainous and northern parts of Europe. The fiaiit is watery, 
and very slightly acid and astringent. Lindley notices 4 genera, and 
4 species. Examples —Jhnpetrum, Gorema. 

1014. Order 105.—Eupiiorbiaccw, the Spurge Family. {Didin.) 
Flowers unisexual, sometimes enclosed within an involucre (fig. 707). 
Perianth lobed, inferior (figs. 314 c, 317 c), with various glandular or 
petaloid, scaly, internal ai>pendages (figs. 314pa, 405); sometimes the 
flowers are nak^d (fig. 708). Male flowers (fig. 707y/;i Jm)\ stamens 
definite or 00, distinct (fig. 708) or monadelphous (fig. 314, 1), or poly- 
a(^elphous (fig. 317); anthers bilocular, sometimes witli porous dehis¬ 
cence (fig. 323). Female flowers (figs. 405, 707 //): ovary free, 
ses.sile or stalked, 1-2-3- or many-celled (fig. 701)); ovules solitary or 
twin, suspended; styles equal in number to the colls (figs. 314,2, 
709 s), distinct or combined, sometimes 0; stigmas several, or 1 with 
several lobes. Fruit usually tricoccous (figs. 447,453), with the cocci 
separating in an elastic manner, and opening by 2 valves (figs. 710, 
711), or ifcdohiscent and fleshy. Seeds solitary (fig. 712) or in pairs, 
suspended, often arillate (fig. 453 i/i/); embryo enclosed in fleshy albu¬ 
men (fig. 483); cotyledons flat (fig. 509); radicle superior (fig. 713). 
—Trees, shrubs, and herbs, often abounding in acrid milk, with oppo¬ 
site or alternate, often stipulate leaves, sometimes none. Some look 
on this order as apetalous, with a tendency to develop a corolla, while 
others consider it polypetalous, with a tendency to have the corolla 
suppresssod'. In European plants of the order there are usually no 
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petals present, but in those of tropical countries the corolla is fre¬ 
quently well marked. In the Euphorbias of Britain, there is an evi¬ 
dent involucre, sun-ounding a number of achlamydeous male ami 



female flowers, which by Linnmuswere looked upon as merely siamens 
and pistils, and hence the pl.auts were put by him in Dodecandnii in 
place of Monecoia (see ^ 401). The flowers in Euphorbiaceao vary 
much in the number of their parts, as may be seen in figs. 54.')- 550. 
Sometimes the general peduncle or rachis becoiin's flattened and leaf¬ 
like (fig. 229). The inflorescence i.s occasionally amentaceous, as in 
the division Scepacecn, which is separated, as a distinct but not fully 
defined order, by Lindlcy. The plants of the order abound in warm 
regions, especially in Equinoctial America, whore they occur as trees 
or bushes, or lactescent herbs, and often present the appearance of 
Cactuses, from which their milky juice at once distinguishes them. They 
are also ibund in North America and in Europe. In Britain there are 
18 species. There are about 192 known genera, and upwards of 
2,500 species. Examples —Euphorbia, Ilippomane, Hura, Acalypha, 
Croton, Jatropha, Ricinus, Phyllanthus, Buxus. 

1015. The (ilants of this order are acrid and poisonous, in some 
instances furnished with stinging hairs. These properties reside 
especially in their milky juices, which are contained in laliciferous 


Fipe 707-713.—Organs of fmctilicaticn of Euplioii ia palastils, to illcstrafe the nutiual order 
EiiphuiMaceflp 

tig. 707,—Inflorescence, Mith Uio involucre, ? i, opened nnd spread out, to sliow tlie position 
of the male and feintde tluwers i^iiicli it enck'St-s. »/ <■/, Glands (t^Undulai lobc'*) jilternai'n- 
lUo divisions of the involucre ft/i, Membranous Iiitniufe, oi uraets, nt tlie tu ■ ' • 

//n, /m, Achlamydeous male flowers, consisting ol a single Kt.mion. supported o“a peiMtel. to 
irtiu’h It Is attached by an articulutlon t U AdiUinjdeous teinule lltiwor in ttie centre, tho 
ovary and styles au)iyMn-ted on u long pedicel. 

Fig. 708 —Xcblaniydeous male flower separated, ft, Hiact. Pedicel. /, Filament articu¬ 
lated with the pedicel «, Anther. 

l ig 700.—Female flower », Summit of the pf I'.N 1 wh rh o~f> t* ^ \ flattened portion 

of the pcilkel, vshieh Htiine call a jieriaTith o, 1 ■ i t.f - i.'o.jcy ■ " • • a J stigmas 

Fig 710 —One of the cocci (carix-ls), c, fM'p.iruted, and seen on its inner suifaec y. The seed 
jx.voss ti'c Bv which tlie r'^mishuig vessels enter 

I T 711 A 11 - p t. ated, after dehiscence and e.xpulsion of the seed 

Jig 7I-’—,.<1 V ii.Jl .!'• i' 

I V 7i5 *'• •» : .'.'.Qlly. f. Integument tspennodenn). p, rcrisptun ^fleshy albuitier.), 

«. Liubrj o witli flat cotyledons, and a eupenor nidicle. 
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vessels (fig. 66), in wHcli tbe movements of Cyclosis were observeci by 
Schultz 262). In many cases the elaborated sap contains caout¬ 
chouc and resin. The acrid properties of the order are also found in 
the seeds, many of which yield oils, both of a bland and of an irri¬ 
tating nature. 

1016. The milky juice of many species of Euphorbia is caustic, and 
has been used for destroying warts, and causing vesication. At other 
times the juice has been used for its purgative and emetic properties. 
The root of Euphorbia Ipecacuanha has been employed as a substitute 
for Ipecacuanha. The resinous substance called Euphorbium is pro¬ 
cured, in all probability, from two African species. Euphorbia ojfici- 
narum and antiquorum, as well as from E. canariensis, a native of the 
Canary islands. The resin is a powerful irritant, and has been used 
as a vesicant It causes great irritation of the mucous membrane 
when applied to the nostrils and eyes, and it acts as a cathartic when 
taken internally. Many species of Eujdiorbia yield resins of a similar 
nature. Thejuice of IJippomane Mancinella, Manchineel, is very acrid 
and poisonous. When applied to the skin, it excites violent inflam¬ 
mation, followed by ulceration. The juice of Ilura crepitans, Sand¬ 
box-tree, or Monkey’s dinner bell, is also very acrid. The fruit of 
this tree is composed of numerous 1-seeded cocci, which, when dry, 
separate from each other with great force. Mercurialis perennis, and 
annua, produce vomiting and purging. 

1017. Many important medicinal oils are furnished by the plants 
of this order. Castor-oil is expressed from the seeds of liicintis com¬ 
munis (Palma Chisti), a plant with peltate-palmate leaves (fig. 146), 
which is found native in Greece, Africa, and the East Indies, and is 
cultivated in the West Indies, as well as in North and South America. 
In the temperate and more northern parts of Europe, the plant is a 
herbaceous annual of from three to eight feet high; in the more 
southern parts it becomes shrubby, and even attains a height of twenty 
feet; while in India it is often a tree thirty or forty feet high. The 
best oil is got by expression from the seeds without heat, and is called 
cold-drawn Castor-oil. It is entirely soluble in alcohol, and, by the 
action of hyponitrous acid, it is converted into a solid yellow substance 
called Palmin. Tbe oil acts as a mild laxative. Besides this com¬ 
paratively bland oil, there exists in the seed a powerfully cathartic 
constituenf, which remains behind when the oil is expressed, and 
which is destroyed or evaporated under the process of ebullition. 
Croton-oil is obtained by expression from the seeds of Croton Tiglivw, 
an Indian and Asiatic shrub. It acts as an irritant purgative in the 
dose of one drop. In large doses it is a dangerous poison. When 
applied externally it produces pustules. Other species of Croton, as 
C. Paiana and Roxhurghii, yield a purgative oil. The oil procured 
from the seeds of Euphorbia Lathyris, Caper-spurge, has cathartic 
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properties, a?d so has that proctired from the seeds of Jatropha 
Curcas ( Curcas purgam), Physic or purging-nut, Jatropha muliifida, 
and Hura crepitans. Tiie fatty matter obtained from the seeds of 
SfUingia sebifera, the Tallow-tree of China, is used for making candles; 
the plant also yields a bland oil. " The roots of Euphorbia pilosa and 
palxistris are used as purgatives, and are said to have been useful in 
hydrophobia. 

1018. Cascarilla is the bark of Croton Eleuteria, and of other species 
of Croton. It acts as a tonic and stimulant. When burned it gives 
out a musky odour, and is often used in pastilles. The bark of another 
species of Croton {C. pseudo-quina), known by the name of Copalchi 
bark, and used as a tonic. The b.irk of Buxus sempervirens, Box-tree, 
is said to be alterative, and its leaves have bitter and purgative quali¬ 
ties. Its wood is much used for wood-engraving. The hard wood 
called African Teak or African Oak is the produce of Oldjieldia 
Africma, In the root of Jampha Maidhot (Manihot utilissima), a shrub 
about six feet high, extensively cultivated in tropical countries, there 
IS much starchy matter deposited, usually along with a poisonous nar¬ 
cotic substance, which is said to be hydrocyanic acid. The latter can 
be removed by washing, or it can be driven off by roasting, and then 
the starch is used in the form of Cassava bread. There are two varie¬ 
ties of the Cassava or Manioc plant; one (called sometimes Jampha Loe- 
Jlingii} having a spindle-shaped root, brown externally, about six ounces 
in weight, which contains amylaceous matter, without any bitterness, 
and is used as food under the name of Sweet Cassava; another, called 
Bitter Cassava, haring a knotty root, black externally, and sometfanea 
30 lbs. in weight, which is bitter and poisonous, and requires to be 
rasped and washed thoroughly before the amylaceous matter can be 
used. From the starch of the bitter Cassava, Tapioca is prepared by 
elutriatiou and granulating on hot plates. Manihot starch is some¬ 
times imported into Europe under the name of Brazilian Arrow-root. 
The milky sap of Euphorbia phosphorea is said to emit a peculiar phos¬ 
phorescent light. That of Siphonia elastica contains much caoutchouc, 
and supplies the bottle India-rubber. Aleurites lacdfera furnishes 
gum-lac in Ceylon. Crozophora tinctoria supplies a purple dye called 
Turnsole, which becomes blue on the addition of ammonia. The seeds 
of a few species of Aleurites, Anda, and Omphalea are edible.# It is said 
that, in some instances, the elaborated sap has poisonous properties, 
while the ascending sap is innocuous (f 263). A species of Coelebo- 
gyne is stated to have produced perfect seeds without the application 
of pollen 501). 

1019. Order 1C6.—Urticacew, the Nettle Family. {Apei, Dtcltn.) 
Flowers unisexual (fig. 716), hermaphrodite or polygamous, scattered, 
or collected into catkins or heads. Perianth usually divided (fig. 
716). Stamens definite, inserted into the perianth; filaments some- 
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times curved in estivation (fig. 715). Ovary free (figs. 717, 718), 
rarely coherent, 1-2-eelled; ovule solitary, erect (fig. 718), or sus¬ 
pended ; stigmas 1 or 2, simple or bifid (fig. 718). Fruit an inde- 



liiscoiit luit, surrounded liy the peisistcnt pcrlciu-p, or a samara, or a 
syconus, or a sorosis (Figs. 245, 21G, 475). Seed solitary, erect, 
suspended, or pendulous, albuminous, or exalbuminous; embryo 
straight, or curved, or spiral; radicle superior (tigs. 719, 720).— 
Herbs, shrubs, or trees, with alternate, stipulate leaves, w’hich are 
usually hispid or scabrous. This order has been divided into the fol¬ 
lowing suborders:— 


FfffS 714-720—Orctvns of fiuctilicitiou of Uitica mens, to illustuite tlio iiutuiul order Urtl- 
oacoA*. 'lection Urtltete 

Fif?. 714 —lind of the male flower, view’Od from above. 

Fitf. 7l5.--StHiuen token from the bud of the mule flower, with the elastic incurved filament, 
and the huUkt bent tb.v\ u l.ofore dehlsc-enco. 

Flfj. 71b—Male tioui-r expanded, r, Perianth with four division^, cere, Four bypopynnm 
ftanicns. thrviwn back by the elasticity bt the filaments,with the anthei-s buist. jpr, Aboitiw 
nnhment of the central pistil 

Fis 717 - Female flowei c, Pertanth with four unequal scgmciitg, the two exterior onen 
being very small, o, rniUicultir ovary. /, 

Hg. 7i&—Pistil cut vertically, to show the diiceiiuri of the erect ovule, o. p, Paiietes ol the 
ovary, s, Stiffnia. 

Fic 719—Seed cut vertically, parallel to the cotvlodons t, Tnt<’i;ument (BnenuodreTn i, 
A. IMum. Porisperm «, Kiiil*ryo straight, with thr i.nii'df ■jupci.i'i 

H ir. 720.—Seed cut perpendicularly to the cotylodoiia, <, Intcijument h, IKlum. />, Peil- 
Bpenm & Embiyu. 
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1. Ui'HcPffi, Nettles (figs. 714-720); rongh-leavctl plants, oflea with i^tinging 

hairs, filaments elastic, and cun’ed in lestivation (fig Tli)); fruit an indohi-voent 
nut; seed erect, albuminous; embrj-o straight; juice watery. T)iry are 
scattered over the globe, and tnany of them follow the footsteps of man in hn 
migrations. 

2. Cannabinew, Hemp tribe: scabrous plants with erect filaments; fruit indchisccnt; 

seed suspended, exalbumiuous; embryo hooked or .spii-al; juice water}'. I’hoy 
occur chiefly in temperate regions. 

3. Ulmacese, Elm tribe: roiigh-lcavcd trees or shrubs, filaments erect in fcstivation; 

fruit 1-2-celled, samaroid or drupaceous; seed fiendulous, usually exalhuminou'^; 
embryo straight or curved; juice W'atcry. Natives of the northern and moun¬ 
tainous parts of Europe, Asia, and America. 

4. Morese, Mulberry tribe: usually rough-leaved trec.s or shrubs; filaments erect in 

ffistivation; fruit a sorosis or eycoims (tigs. 2-10, 475); seed soUtary, jiondidous 
albuminous; embryo hooked; juice milliy. Natives of temperate and tropical 
regions. 

5. Artocarpese, Bread-fruit tribe: trees or shrubs, wdlh leaves often rough; filaments 

generally erect in ajstivation; fruit often asoro^is; seed erect or jiendulous, albu¬ 
minous ; embryo straight; juice milky. Natives of tropical legious. 

There are between 60 and 70 known genera, and about GOO species. 
Examples —Urtica; Cannabis, Humulus; Ulnius, Celtis; Morns, Ficus, 
Dorstenia; Artocarpus, Antiaris. 

1020. The properties of the order are various. Many yield valu¬ 
able fibres, others supply important edible fruits, others furnish 
caoutchouc, and others form important forest trees. Various species of 
Urtica, Nettle, such as U. ditnea, urens, piliilifera, stimulans, cremtlala^ 
and urentissima, have stinging hairs (fig. 8G). The young shoots of 
the common nettle are sometimes used like spinach or greens. Urtica 
cannabina and tcnacissinia furnish fibres fit for cordage Baihrucria 
rtivea supplies fibre for the Chinese grass-cloth, and Baiimeria Puya 
gives the Pooah or I’uya fibre of Nepal and Sikkim. In Nettles 
and Pellitorics, the elastic filaments turn the anthers back with elas¬ 
ticity, and cause the scattering of the pollen 497). Specimens of 
Tree-nettle, Urtica yiganlea, were measured by Backhouse in Aus¬ 
tralia, and found to bo 18, 20, and 21 feet in circumference. Their 
sting is very severe, causing violent inflammation. Cannabis satma is 
the source of the valuable fibre called Hemp. A variety called Can¬ 
nabis indica is used in India for producing intoxication. It is also 
employed medicinally in the form of extract, as an antispasmodic and 
anodyne, in cases of tetanus and neuralgia. The properties of the 
hemp plant appear to be much modified by climate. The Indian 
variety has a marked resinous varnish, called Churrus, on its leaves. 
What is called Bhang in India, consists of the dried larger leaves and 
fruit, while Gunjah is the whole plant dried after flowering, and the 
Haschisch of the Arabs is composed of the tops and tender parts of the 
plant dried. The strobili of the female plants of Humuhis Lupulus 
constitute hops, the bitterness of which resides in the resinous glandu¬ 
lar scales surrounding the fruit, and to which the name of Lupulinio 
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glands, or Lupulin, has been applied. The latter natriWs also given 
to the bitter principle of the hops. Hops are employed as a tonic and 
narcotic, in the form of e-Ktract, infusion, and tincture. Their tonic 
properties depend on their bitterness. A pillow stuffed with hops is 
a popular means of procuring sleep. The twigs of hops have been used 
to adulterate Sarsaparilla. Several species of Elm are cultivated for 
timber. Ulmvs campestris, English or small-leaved Elm, rarely pro¬ 
duces fi’uit in this country. It often attains a height of 70 to 90 
feet, with a diameter of 4 to 5 feet. Its wood is compact and durable 
under water, and it has been used for sleepers on railways, and for 
wooden pavements. Its inner bark is bitter, mucilaginons, and astrin¬ 
gent. Ulmus montana, the Mountain, Wycb, or Scotch Elm, produces 
fruit freely in this, country, but its wood is inferior to that of the 
English Elm. Celtis, the Nettle-tree, or Sugar-berry, has a sweet 
drupaceous fruit. 

1021. The common Fig is the fruit of Ficus Carica. It consists of 
a succulent hollow receptacle, enclosing numerous single-seeded car¬ 
pels (fig. 246), and is called a syconus (H 558). The fruit is demul¬ 
cent and laxative, and is used for cataplasms. Many other species of 
Ficus yield edible fruits. The plants belonging to the Fig tiibe are 
generally remarkable for the adventitious roots which they send out 
from the stems. One of the most celebrated in this respect is Ficus 
indica, the Banyan 121, 605). Many of the species c;m live sus¬ 
pended in the air for a long time. A specimen of Ficus australis has 
grown in this way in the Botanic Garden of Edinburgh for upwards 
of twenty years 217). Ficus (Urustigma) rdigiosa is the Bippul- 
tree, or Sacred Fig of India. F. elaslica is an Indian tree which sup¬ 
plies a large quantity of caoutchouc; so also do Ficus Itadula, elliplica, 
and prinoides. Peculiar clusters of raphides are found in the cellular 
tissue of some of them (fig. 39). The milky juice is not in all instances 
bland and innocuous ; it occasionally has acrid qualities. Ficus Syco- 
morus (^Sycomorus antiquoniiu), k probably the Sycamore of the Bible, 
the D'DpB’ (shikmim) ol' the Old 'I’estanicut, and the euxo/j,o^'ia of the 
New. The wood of the tiee is said to be very durable. Morus nigra 
supplies the common black Mulberry, which is an anthocarpous fruit, 
composed of numerous succulent dowers, forming a sorosis (fig. 475).’ 
The Mulberry is the ffi/xd/i/io;, or Sycamine-tree of the New Testament. 
Some have considered it as tlie D'pptj' * of the Old Testament. The 
white Mulberry, a less esteemed fruit, is the produce of Morus alba. 
Both of these mulberries are subacid. Their leaves are the favourite 
food of silk-worms. The root of the white Mulberry is anthelmintic. 
Dorstenias have a slightly concave broad receptacle, bearing numerous 
flowers (fig. 245). D. .Contrayerva, D. Houstoni, and D. hrasiliensis, 

le of the Bible i? the nume of some tree or sbnih (perhaps a Poplar), audit is doubt- 

mslated Mulberry-tree. 
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furnish the Uontrayerva-root of commerce. The ofBcinal part is the 
root-stock, which is used as a stimulant, tonic, and diaphoretic. 
Broussomtia papyrifera is the Paper-mulberry, so called on account 
(4' being used in China and Japan in the manufacture of a kind ofpiiper. 
It is called Crape-paper, and is prepared by pounding the bark, 
steej)ing it in water, then mixing it with glue, and taking it up with 
a mould of Bamboo-screen of the size required. The dye-wood 
called Fustic is the produce of Madura (Broussonetia) tinctoria. 

1022. The Artocarpus section is important as regards its uses. 
Artocarpus ineisa, the Bread-fruit tree, supplies an amylaceous fruit, 
which furnishes an abundant supply of food in tropical countries. 
The properties of this tree are thus enumerated by Hooker:—The 
fruit serves for food; clothes are made from the 'fibres of the inner 
bark; the wood is used for building houses and making boats; the 
male catkins are employed as tinder; the leaves for table-cloths and 
ii)r wrapping provisions in; and the viscid milky juice alFords birdlime. 
A. integrifolia is the Jack or Jaca, the fruit of which attains a large 
size, sometimes weighing thirty pounds, and is inferior in quality to 
the Bread-fruit. In both instances the fruit is a sorosis, consisting of 
numerous flowers on a common axis, which becomes succulent. The 
milky juice of many of the Artocarpus tribe supplies caoutchouc, and 
in some instances it is used as a substitute for milk. This is the case 
with the juice of Gataefodendron utile (perhaps a species of Brosimum,) 
which is called Palo de Vaca, or the Cow-tree, in Demerara. While 
the juice of some is nutritive, that of others is highly poisonous. Thus 
Antiaris toxicai ia is the source of the famous poison called Bohun- 
Upas, or Upas-Antiar, by the Javanese, and which is said to owe its 
properties to the presence of Strychnia. Another Upas poison, called 
Upas-Tieute, has already been noticed under the order Loganiaceae, as 
being the produce of a species of Strychnos. The wood of Piratinera 
gmanends (probably a species of Brosimum) is called Snake-wood, or 
Letter-wood in Dem< rara, and is used for articles of furniture. Speci¬ 
mens sent by Dr. Campbell from Demerara have been beautifully 
manufactured in Scotland. The bark ot' Antiaris saccido?‘a, a gigantic 
tree, having a trunk 18 feet in circumference at the base, is used for 
forming sacks. These bags are formed.by separating the bark entire 
from the wood throughout the whole extent, with the exception of a 
small portion at one end. The wood is then removed from the in¬ 
terior, a part being left with the bark attached to form the bottom of 
the sack. The tree is common in the jungles near Coorg, and the 
sacks made from it are in general use among the villagers for currying 
rice. The seeds of many of the Artocarpus tribe are eaten. Brosi- 
mum Alioastrum yields Bread-nuts, which, when boiled or roasted, 
are nutritious and agreeable articles of food. Cecropia pdtata is the 
Trumpet-wood, so called on account of the hollonncss of its stem and 
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branches, which are used for wind instruments. The fil^rous bark of 
the tree is used for cordage. By recent writers the suborders Urtioeas 
and Cannabinem only are included in the order Urticacear. UlmacesB 
constitute an independent order, which has been subdivided into two 
suborders:—1. Celtidcai, Nettle-trees, -with a 1-celled ovary and am- 
phitropal ovules. 2. Ulnieae, true Elms, with a 2-celled ovary and 
anatropal ovules. The {dants of the Mulberry and Bread-fruit tribes 
have also been constituted into a separate order, under the title of 
Artocarpace®, which differs from the true Urticace® chiefly in being 
lactescent, and in their fruit being a sorosis or syconus. 

1023. Order 1G7.—Ceratophyiiacew, the Hornwort Family. {Apet. 
Dielin.) Flowers unisexual. Perianth inferior, 10-12-parted. Male 
flowers: stamens 12-20; anthers sessile, bilocular. Female flow-ers: 
ovary free, 1-celled; ovule solitary, pendulous, orthotropal; style 
filiform, oblique; stigma simple. Fruit a 1-celled indehiscent nut, 
terminated by the hardened style. Seed solitary, pendulous, exalbu- 
minous; cotyledons 2, but apparently 4 ; radicle inferior.—Aquatic 
submersed herbs, with verticillate leaves cut into filiform lobes. They 
are found in ditches in various parts of Europe, Asia, and America. 
The affinities of the order are still obscure. Some authors consider 
it as allied to Lythraceas, otliers to Chenopodiacea’, while Bindley puts 
it in his Urtical alliance. Its properties are unimportant. There is 
only 1 genus, and about G species. Example —Ceratophyllum. 

1024. Order 168.—Podosusmocea!. the Podostemoii Family. (Apet. 
MonocUn.) Flowers naked, or with a more or less perfect perianth, 
bursting through an irregularly lacerated spatha. Stamens hypogy- 
nous, definite or indefinite, distinct or monadclphous; anthers dithecal, 
with longitudinal dehiscence. Ovary free, 2-3-cclled; ovules numer¬ 
ous, anatropal, attached to a fleshy central placenta; styles or stigmas 
2 or 3. Fruit slightly pedicellate, capsular, 2-3-valved. Seeds 00; 
embryo exalbuminous, orthotropal.—Herbaceous, branched, floating 
plants, with capillary, or linear, or lacerated, or minute and imbricated 
leaves. Natives chiefly of South America, and of the islands to the 
east of Africa. They flow'cr and iipen seed under water, and furnish 
salt. The affinities of the order are uncertain. Some authors put 
it among the Monocotyledons, Genera 9, species 25. Examples —■* 
Podostemon, Lacis. 

1025. Order 169.—suinginarea-, the Stilago Family. (Apet. Dielin.) 
Flowers unisexual. Perianth 2-3- or 5-partite. Male flowers; sta¬ 
mens 2 or more, arising from a swollen receptacle; filaments capillary ; 
anthers innate, 2-lobed, with a fleshy connective, and vertical cells 
opening transversely. Female flowers: ovary free, 1-2-celled; ovules 
2, anatropal; stigma sessile, 3-5-toothed. Fruit drupaceous. Seed 
solitary, jpspended ; embryo in fleshy albumen; cotyledons leafy; 
radicle j^erior.—Trees or shrubs, with alternate, stipulate leaves. 
Natii^ *chiefly of the East Indies. Some yield edible fruits, others 
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«re used as potherbs. The position of this order in the natural system 
i^ obscure. LindJey places it in the Urtical alliance, others consider 
It as allied to Amentiferte. There are 3 known geneni, and about 
20 species. ExampUa —Stilago, Antidesma. 

• 1026. Order 170.—Monimmcew, the Monimia Family. (^Apet. 

DicUn.) Flowers unisexual. Perianth somewhat globose, in one or 
more rows, divided at the border. Male flowers: stamens indefinite, 
covering the whole interior of the perianth; filaments often with 2 
scales at the base; anthers dithecal, with longitudinal dehiscence. 
Female flowers: ovaries several, superior, enclosed within the tube of 
the perianth, each with 1 style and 1 stigma; ovule solitary, pendu¬ 
lous, anatropal. Fruit consisting of several achaenia, enclosed within 
the enlarged perianth. Seeds pendulous; embryo at the end of copious 
fleshy albumen; radicle superior. —Trees or shrubs, with opposite 
exstipulate leaves. They are natives chiefly "of South America and 
Australia. The bark and leaves are aromatic and fragrant. The 
succulent fruit of some is eaten. There are 8 known genera, and 
about 40 species. Examples —Monimia, Boldoa. 

1027. Order 171.—Aiberospci’macra!, the Plumo-Nutmeg Family. 
(Apet. Diclin.) Flowers unisexual. Perianth tubular, divided at the 
top into several segments in 2 rows, the inner often petaloid, and 
accompanied in the female flowers with a few scales. Male flowers : 
stamens 00, inserted in the bottom of the perianth; filaments with 
scales at the base; anthers 2-celled, with valvular dehiscence. Female 
flowers; ovaries usu.ally 00; ovule solitary, erect; style simple, lateral 
or basilar; stigmas simple. In some flowers, though rarely, stamens 
and pistils are found, and in that case the stamens are fewer, and arise 
from the orifice of the peii.anth. Fruit consisting of achasnia, with 
persistent, ultimately feathery styles, enclosed within the tube of the 
perianth. Seed solitary, erect; embryo small, at the base of soft 
fleshy albumen; radicle inferior.—Trees, with opposite, exstipulate 
leaves, found in Australia, and in some parts of South America. They 
are generally fragrant. There are 3 known genera, and 4 species, 
according to Lindley. Examples —Atherosperma, Laurclia. 

1028. Order 172.—i,aciMeinacew, the- Lacistema Family. (Apet. 
Diclin.') Flowei's polygamous. Perianth in several narrow divisions, 
covered by an enlarged bract. Stamen 1, hypogynous; anther having 
2 cells, which are sejjarated by a thick 2-lobed connective, and which 
dehisce transversely. Disk fleshy. Ovary superior, 1-celled; ovule.s 
several, anatropal, attached to 2-3 parietal placentas; stigmas 2-3, 
nearly sessile. Fruit a unilocular, 2-3-valved capsule, with loculicid.d 
dehiscence. Seed usually, by abortion, solitary, suspended, with a 
fleshy ariUus; spermoderm crustaceous; embryo in fleshy albumen ; 
cotyledons flat; radicle cylindrical, superior.—Small trees or shrubs, 
with simple, alternate, exstipulate leaves, and amentaceous flowers. 

z 2 
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They are natives of the warm parts of America* Their properties are 
unknown. There are 2 genera, and 6 species. Ummple—Lacistemii. 

1029. Order 173.—Chioramhace*e, the Chloranthus Family. 
{AMamyd. Monodin. or Didin.) Flowers bisexual or unisexual, witli 
a supporting scale. Perianth 0. Stamens definite, lateral, and if. 
more than 1, connate; anthers monothecal, with longitudinal dehis¬ 
cence, each adnate to a fleshy connective. Ovary unilocular; ovule 
solitary, pendulous, orthotropal; stigma sessile, simple. Fruit drupa¬ 
ceous, indehiscent. Seed pendulous ; embryo minute, at the apex of 
fleshy albumen; cotyledons divaricate ; radicle inferior, remote from 
the hilum.—Herbs or undershrubs, with jointed stems, opposite, 
simple, stipulate leaves, sheathing petioles, and spiked flowers. Natives 
of the warm regions of India and America. Some of them, as Chlo- 
ranth.ua officinalis, are aromatic and fragrant, and have been used as 
stimulants and tonics.* There are 3 known genera, and 15 species. 
Example —Chloranthus. 

1030. Order 174—Saumracrie, the Lizard’s-tail Family. (Ackla- 
myd.) Flowers bisexual. Perianth 0, a scale or bract supporting the 
flowers. Stamens 3-6, clavate, hypogynous, persistent; filaments 
slender; anthers 2-celled, continuous with the filament, with a thick 
connective separating the lobes, dehiscence longitudinal. Ovaries 
3-4, distinct, with 1 ascending orthotropal ovule, and a sessile recurved 
stigma, or united so as to form a 3-4-celled pistil, with several ovules 
and 3-4 stigmas. Fruit either consisting of 4 fleshy indehiscent nuts, 
or a 1-3-4-eelled capsule, dehiscing at the apex, and containing a few 
ascending seeds. Seeds with a membranous spermoderm; embryo 
minute, lying in a fleshy vitcllus, outside of hard mealy albumen at 
the apex of the seed.—Herbs growing in marshy places, with alternate, 
stipulate leaves, and spiked flowers. Natives of North America, India, 
and China. Their properties are said to be acrid. There are 4 
known genera, according to Lindley, and 7 species. Examples — 
tiaururus, Houttuynia. 

1031. Order 175.—PipcraccK, the Pepper Family. (^Achlamyd.) 
Flowers § . Perianth 0, flowers supported on a bract. Stamens 2- 
3-6, arranged on one side or all round the ovary; anthers 1- or 2- 
celled, with or without a flesliy connective; pollen roundish, smooth. 
Ovary solitary, free, l-celled ; ovule solitary, erect, orthotropal; stigma 
simple, sessile, rather oblique. Fruit somewhat fleshy, indehiscent, 
luiilocular. Seed erect; embryo in a fleshy vitellus outside the albu¬ 
men, and at the apex of the seed.—Shrubs or herbs, with articulated 
stums, leaves opposite (sometimes alternate by abortion of one of the 
pair of leaves), or verticillate, exstipulate or stipulate, and spiked or 
racemose flowers. Natives of the hottest quarters of the globe. 
Common in South America and India. The wood is often arranged 
in wedges, with medullary rays, but without concentric zones. There 
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Rre 21 known genera, and upwards of 600 species. Examples — 
Piper, Artanthe, Peperomia. 

1032. The plants of the order have pungent, acrid, and aromatic 
properties. Most of them contain an acrid resin, and a crjrstallin^ 
principle called Piperin, in which their active qualities reside. Some 
are narcotic and astringent. The dried fruiting spikes of Piper 
an Indian creeper, constitute Long-pepper. Of late, however, the 
genus Piper has been subdivided, and this kind of pepper has been 
referred to various species of a new genus, Chavica, viz. C. peepuloides, 
Roxburghii, and officinarunu The dried unripe fruit (drupes) of Piper 
nigrum constitute Black-pepper, a climbing plant common in the East 
Indies. The ripe fruit, when deprived of its outer fleshy covering by 
washing, forms the White-pepper of the shops. These peppers are 
hot aromatic condiments, and they are used medicinally as tonic, 
stimulant, febrifuge, and stomachic. The fruit of Piper Ctibdia 
(Cuheba officinalis), a climbing plant of Java and other Indian islands, 
is the medicinal Cubeb-pepper, which is uspd extensively in arrestine 
discharges from mucous membranes. It contains a resin, a volatile 
oil which is very active, and a peculiar principle called Cubebin. 
'J'he substance Ciilled Matico or Matica, consists of the leaves and 
unripe fruit of Piper angustifulium (^Artanlhe elongata.) It possesses 
aromatic, fragrant, and astringent qualities. It has been particularly 
recommended for checking hemorrhage, a property which seems, in 
part, to be a mechanical one, depending on the structure of the leaf, 
which abounds in tannin. The root of Macropiper methysticum is the 
Kava of the South Sea Iskanders, which is used by them for preparing 
a stiimikiting tieverage. The loaf of Betel-pepper (Chavica Betle) is 
chewed wtUi the Areca nut in the Etist, as a means»of intoxication. 

103.3. Order 17G.—Amcntlfersc, the Catkin-bearing Family. (Pic- 
lin.) Flowers unisexual Male flowers (fig. 721) capitate or in catkins 
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721-727 —Organs of finctiflcatton of C 017 IU 8 Avellana, the Hazel, to illustrate the nutuial 
oitlci Ariicntifcnc, seotioii CupulitcTJ*. 

Klg 721 - Male flower separated fiom ‘he catkin (amentum), e, Scale or bract beaiiiig tJie 
staiDoiis, </, with their dithecal anthers. 

Kiff 722.-Female flower, jf, m a very young state, with its involucre, *. , , v 

tiii 72-5—Female flower moi'o advanced. »,lnvuluc3e opened to show the ovary, o, covei'fio 
I') the peiiautb, c. #, Two styles. 
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(amenta), (fig. 238,) sometimes with a membranous perianth. Female 
flowers clustered, solitary (fig. 722), or in catkins. Stamens varying 
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from 1 to 20, distinct (fig. 721) or monadelphous; anthers ditbecal (fig. 
721). Ovary usually simple (fig. 723 o); stigmas 1 or more (fig. 723 s). 
Fruit membranous or bony, or drupaceous, indehiscent (fig. 726), or 
deliiscent. Seeds solitary or numerous, erect or pendulous (fig. 724), 
usually exalbuminous; embryo straight or curved; radicle mostly su¬ 
perior (fig. 727).—^Trees or shrubs, with alternate, stipulate, or exsti- 
pulate leaves. Natives chiefly of temperate climates. The order has 
been divided into the following suborders:— 

1. Salicines?, the Willow tribe: flowers naked, or with a membranous cup-liko calyx; 

ovules 00, oroot, anatropal; fruit naked, coriaceous, unilocular, 2-valved; seeds 
comose; enibryo erect; radicle inferior; leaves stipulate. Foimfl in woods in 
temperate and cold regions. 

2. Myricc®, the G.ilc tribe: aeWamydeous flowers; stamens 2-8 in the axil of a scale; 

ovary l-celled, with hypogynous scales; ovule solitary, erect, orthotropal; fruit 
drupaceous, often with a waxy secretion, and with llcsliy adherent scales; radie’e 
superior. Natives both of temperate and tropical regions, and found iu North 
and South America, in In.lia, and at the Cape of Good Hope. 

5. Casuarinete, the Beef-wood tribe; flowers with bracts; stamen 1; ovary l-celled; 

ovules 1-2; fruit consisting of winged achajnia, collected into a couc; seed erect, 
radicle superior. Australian trees or shrubs, with filiform branches, bearing 
membranous tootlicd sheaths iu place of leaves. 

4 . Betulinete, tlie Birch tribe; flowers with biacts, which are sometimes vertioUlate; 
ovary 2-cened; ovules solitary', pendulous, anatropal; fruit membranous, inde- 
hisbent, forming a sort of cone; seeds i)endulouH; radicle superior; leaves with d<^- 
ciduous stipules. Natives of temperate and cold regions in Europe, Asia, and 
America, and extending to arctic and antarctic regions. 

6. Balsamifluae (Altiiigiaceae), the Liquidambar tribe; flowers with verticillate bracts 

or minute scales; anthers numerous; ovary 2-celled; ovules 00, amphitropal; 
fruit consisting of 2-ceUed capsules, united together so as to form a hard cone; 
seeds usually numerous, winged, albuminous; radicle superior; leaves stipulate. 
Balsamic trees, natives of tropical and warm regions. 

€. Flatanes, the Plane'tribe; flow’eis in globose catkins; stamen 1, with scales; ovary 
l-celled; style thick and subulate; ovules solitary or in pairs; suspended, ortlio- 

Kig. 724.—Female flower cut longitudinally, tn show the two loculaments with a pcndulou* 
ovule In each. 

F)g 725.—Female flower more advanced, e, Pcri.inth «, Styles, 
log. 726.—Ripe fmlt,/, enveloped In Its involucre or bracts, <. 

Fig 727 —.Seed seimratcd. Integument, half of which is removed to show the exalbumluous 

emUyo, e. r, Supeilor radicle. 
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Iropal; fruit consisting of compressed clavate nuts, terminated by a recurved atyl«; 
seeds 1-2, pendulous, albuminous; radicle inferior; leaves palmate or toothed, 
and stipulate. Natives chiefly of temperate regions. 

7. Ciipuliiertc (Corjdaceoe), the Nut tribe: flowers amentaceous (fig. 238) or aggregate; 
stamens 6-20, attached to scales (flg. 721) or a perianth ; ovary surroundcil by a 
doriaceous involucre (cupula), crowned by the remains of a persistent perianth 
(figs. 723, 726), multilocular; ovules 2 or 1, pendulous; fruit a glans (figs. 257, 
720); seed usually solitary; radicle superior (tig. 727); leaves stipulate, often 
feather-veined (fig. 131). Natives of temperate regions chiefly. Some extend to 
warm countries. 

This extensive Amental alliance, with which perhaps the next order 
should be incorporated, embraces 18 known genera, and 600 species. 
The suborders are by some considered as separate orders, and placed 
in various parts of their system of alliances. Eouiwples —Salix, Popu- 
lus; Myrica; Casuarina; Betula, Alnus; Liquidambar; Platanus; 
Corylus, Fagus, Castanca, Quercus. 

1034. The Amentaceous order contains trees whicli yield valuable 
timber, and are extensively cultivated. Many have bitter, tonic, and 
tistringent qualities. Some yield resinous and balsamic fluids; and the 
seeds of some are used as articles of food. The bark of many species 
of Willow, such as Salix, Capi'wa, alba, liusseUiana,fragiUs,pmiandra, 
vitellina, purjnirea, and Helix, yields a neutral crystalline bitter sub¬ 
stance called Salicin, which is employed as a febrifuge and tonic. The 
bark also possesses astringent qualities from the presence of tannin. 
Salicin assumes a carmine-red tint when moistened with a few drops 
of concentrated sulphuric acid. Various species of Willows (osiers) 
are used for basket-making, while others are employed in forming 
charcoal. Sedix haJbylonica is the Weeping-willow. Its specific name 
is founded on the supposition, that it was the species on which the 
Israelites hanged their harps by the waters of Babylon. The word 
D’j-B in the Bible is doubtfully translated Willow, Populus alba is 
commonly called the Abele, while P. tremula is the Aspen, and P.fas- 
tigiaia and dilatata the Lombardy Poplar. The buds of Populus nigra 
and balsamifera are covered with a resinous exudation, to which the 
name of Tacamahac has been given; it is said to be diuretic and anti¬ 
scorbutic. The leaves and bark of some Poplars secrete a saccharine sub¬ 
stance, which has been termed Populine. Salix arctica and polaris 
extend to the arctic regions, and form the most northern woody plants. 
Salix herhacea, a small creeping AVillow, occurs abundantly on the 
Scotch mountains. The downy matter surrounding the seeds of Pop¬ 
lars and Willows, is used for stuffing pillows and cushions, as well as 
for the manufacture of a kind of paper, 

1035. The species of Myrica are aromatic, and yield resinous and 
oily matter. Myrica Gale is the Gale or Scotch Myrtle, which is com¬ 
mon in marshy grounds and damp heaths in Britain. The fi'uit of 
Myrica cerifera, called Wax Myrtlej or Bay Myrtle, or Candieberry, 
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yields a greenish-coloured wax, which is used for candles. The dru¬ 
paceous fruit of some Myricas is eaten. The leaves of Comptonia 
asplenifolta, Sweet Fern, are found by Dr. Murchison to contain pecu¬ 
liar glands. Eesinous matter is also procured from several species of 
Liquidamhar, and is known by the name of Liquid Storax. Lt^uid- 
ambar etpraciflua, orientate, and Altingia, are said to be the chief 
sources of this resin or balsam, containing Benzoic acid. The species 
of Casuarina (Cassowary-tree) yield excellent timber, called Beef- 
wood, from its having some resemblance to raw beef. What is called 
the She-oak in Australia, is C. quadrivalvis. In the integument of Ihe 
seeds of Casiiarinas there are numerous spiral cells. 

1036. The species of Betula, Birch, have astringent and resinous 
barks. The oil from the bark of the common Birch {Betula alba and 
glutinosa) gives the peculiar odour to Russia leather. In North 
America the bark of the Canoe Birch (Betula papyracea) is used for 
making boats. A saccharine matter exists in the sap of the Birch. 
Betula lenta is the Black Birch of America, and is called Mountain 
Mahogany on account of the beauty and hardness of its timber. Alnus 
glutinosa, common Alder, grows well on the muddy ground on the 
banks of rivers. Platanus oricntalis, the Oriental Plane, has broad 
palmate leaves, resembling the Sycamore, wliich is often erroneously 
called the Plane in Scotland. Some say that this is the Sycamore of 
the ancients Platanus occidenUdis, and P. acerfolia, are also culti¬ 
vated as showy trees, under the name of Planes. 

1037. The Hazel-nut, with its involucral appendage, is the produce 
of Corylus Avellana. The bark of Quercus peduncidata {Itobw'), the 
common Oak, contains much tannin, .and is used as an astiingent. 
Another British species, Q. sessdijhra, having sessile frtiit, is said to 
yield the best timber. It is said that, in the wood of Q. pedunculala, 
there are numerous medullary r.ays (silver-grain), (fig. 99), while in 
that of Q. seasilijlora. Durmast, there are scarcely any visible. There 
b some doubt as to the existence of more than one species in Britain, 
and no permanent characters have been established. Babington men¬ 
tions three species. It has been stated that 2000 well-grown oaks, 
equal to 3000 loads of timber, are required to build a seventy-four 
gun-ship. The acorns of Quercus JBgilops, Valonia or Balonia Oak, 
under the name of Velonia, are used by dyers. Oaks are liable to the 
attacks of insects, whose punctures give rise to the formation of galls. 
These excrescences occur on the buds, bark, and leaves. The medi¬ 
cinal galls are the produce of Quercus infectoria, a native of Asia Minor, 
and the best are imported from Aleppo. They are caused by punctures 
from the ovipositor of the Diplolepis (Cynips) Gallffi-tinctoruni. Blue 
galls are those which still contain the young insect in thoir interior, 
while white galls are those from which it has escaped. In medicine 
they are employed as powerful astringents, and in the arts they are. 
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used for dyeing, tanning, and forming ink. The bark (Epiphloeum) of 
Quercus Suber constitutes cork (fig. 100). The bark of Quercua tine- 
toria is called Quercitron, and yields a yellow dye. Quercus Ilex, 
Evergreen Oak, is commonly cultivated in gardens. The Oak, 
of the Bible, is said by some to be Quercus Grammuntia. The Beech- 
tree (Fagus eylvaticn), the Horn-beam {Carpinus Betulus), and the 
Spailish Chestnut ( Castanea vesca), belong to the Cupuliferous section 
of this order. Fagus Forsteri is the Evergreen Beech of South America, 
found at Terra del Fuego. A species of Beech (F. antarctica) is found 
in the antarctic regions. 

1038. Order 177.—Jnglandaccoo. the Walnut Family. (Apet. 
Didin.) Flowers unisexual. Male flowers amentaceous: perianth 
membranous, oblique, irregularly-lobed, with a scaly bract. Stamens 
definite or 00; filaments short, free; anthers dithecal, erect. Female 
flowers in terminal clusters, or in loose racemes, with separate or 
united bracts: perianth single or double, the outer 3-5-parted, inner, 
when present, in minute separate pieces. Ovary adherent to the peri¬ 
anth, 1-celled; ovule solitary, erect, orthotropal; styles 1-2, very 
short; stigmas 2-4, fringed or sessile, discoid and 4-lobed. Fruit a 
drupe, sometimes with an adherent involucre; endocarp bony, 2-valved 
or valveless, 2-4-celled at the base, and 1-celled at the apex, with 
partial dissepiments. Seed exalbuminous, 2-4-lobed, with a mem¬ 
branaceous testa; embryo large; cotyledons fleshy, oily and sinuous; 
radicle superior.—Trees with alternate, pinnated leaves, having neither 
dots nor stipules. They are chiefly natives of North America. There 
are 4 genera, according to Bindley, and 27 species. Examples —Jug- 
lans, Carya. 

1039. While the plants belonging to this order yield edible oily 
nuts, thgir bark is often acrid, and there is frequently bitterness and 
astringency in the coverings of their fruit and seed. The seeds of 
Juglans regia, common Walnut, yield a bland oil, which may be used 
as a substitute for olive-oil. Carya alba yields the American Hickory- 
nut. Purgative and resinous properties prevail in some of the plants. 
The timber of many of the trees is valuable. That of the Black Wal¬ 
nut (Juglans nigra) has a fine dark-brown colour when polished. 

1040. Order 178.—OanTaccte, the Garrya Family. (Apet. Didin.) 
Flowers unisexual, amentaceops. Male flowers: perianth of 4 parts. 
Stamens 4, alternate with the segments of the perianth. Female 
flowers : perianth superior, 2-toothed. Ovary unilocular; ovules 2, 
pendulous on short funiculi; styles 2. Fruit baccate, indehiscent. 
Seeds 2; embryo minute, at the base of fleshy albumen.—North 
American shrubs, with opposite, exstipulate leaves. The male jilants 
of Oarrya eUiplica are commonly cultivated in shrubberies, and are 
jjrized for their pecuhar silky catkins. Bindley associates with this 

order the Ilelwingiaoea;, which agree in their unisexual flowers, adhe¬ 
rent fruit, pendulous ovules, minute embryo, at the base of solid 
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albumen. Dr, Hooker refers Helwingia to Araliacese. There are 2 
known genera, and 6 species. Example —Garrya. 

6. SPOR0GEN.E OR KnlZANimE. 

Having spore-like seeds with an Acotgledonous embryo. 

1041. Order 179.—Rhisamheai* the Ehizanth or Ehizogen Family. 
(Apet. Hiclin.) Flowers usually monoecious or dioecious, sometimes 
g . Perianth more or less perfect, superior, trimerous, tetramerous or 
pentamerous, sometimes obsolete or 0. Stamens united, often in a 
fleshy column, to which the anthers cohere, dithecal, extrorse, opening 
longitudinally or by pores. Ovary inferior, 1-2-celled; ovules defi¬ 
nite or QO. Fruit indehiscent, pulpy, usually unilocular. Seeds 
sometimes solitary and pendulous, at other times 00, and attached to 
parietal placentas; embryo albuminous or exalbuminous.—Leafless, 
scaly, parasitic plants, having a fungus-like appearance. They are 
never green, but assume a brown, yellow, or purple colour. They are 
composed chiefly of cellular tissue, with a few scalarifbrm and spiral 
vessels. They are often stemlcss, and sometimes are furnished with a 
creeping rhizome. In their mode ofdecay they resemble Fungi. Their 
seeds present a peculiar appearance, resembling spores rather than true 
seeds. The nature of their embryo is undetermined, and their place 
in the natural system is still disputed. Lindley has pilaced them in a 
separate class, intermediate between Thallogens and Endogens. They 
have been divided by him into three distinct orders:—1. Balano- 
jihorace®, male flowers pedicellate; stamens 1-3; filaments and 
anthers both united; ovule solitary, pendulous; fruit monospermous. 
2. CytinaceoD, flowers in spikes; perianth 3-6-lobed; anthers sessile 
on a column, dehiscing by slits; ovules 00, attached to parietal pla¬ 
centas ; fruit polyspermous. 3. Rafilesiaceoe, flowers sessile, solitary ; 
perianth 5-lobed, with calli in its throat; anthers attached to a column, 
dehiscing by pores; ovules 00, attached to parietal placentas; fruit 
polyspermous. They are natives chiefly of tropical countries, but 
some extend into temperate climates. They are found in the East 
Indies, South America, Cape of Good Hope, and the south of Europe, 
Lindley enumerates 21 genera, and 53 species. Examples —Balano- 
pbora, Cynomorium, Cytinus, Rafflesia.* 

1042. Some of the plants are astringent, and have been employed 
as styptics. Cynomorium coccineum, commonly known as Fungus 
melitensis, grows in Malta, and was long celebrated for arresting hm- 
morrhage. Cytinus is parasitic on the roots of Cistuses in the south 
of Europe. Cytinus hypocislis is said to contain gallic acid. The species 
of Rafflesia are gigantic parasites, the perianth being sometimes three 
fe't in diameter, and capable of holding twelve pints of fluid. They 

* Rafflesiace® are more propeily plan’d near Anstf.locliiacrfc Balanopboraceffi are epifrynous 
CalyoAorala. and ought, aceorumg to Hooker, to i>c placed butueeu llulorageacera and Guonera 
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are parasitic on the stems of a species of Cissus, as well as on some 
leguminous plants. R. Patma is employed in Java as an astringent 
anB styptic. Flower of R. Amoldi sometimes weighs more than 14 lbs. 


Section B.—Gtmhospbksle.* 

1043. Monochlamydeous or Achlamydeous plants, with an Exoge¬ 
nous structure as regards their stems and organs of vegetation, but 
differing from Exogens in having naked ovules, which are fertilized by 
the direct application of the pollen to the foramen, without the inter¬ 
vention of stigma, style, and ovary. Their woody tissue is marked 
by the presence'of disks (figs. 47, 48, 808). They are included in 
Lindley’s class of Gymnogens, and Endlicher’s Gymnospermous division 
of Acramphibrya. 

1044. Order 180.— Conlferte, the Cone-bearing Family. (^Achlamyd. 
Dielin.} It includes the orders Pinadese, Taxaceaj, and Gnetacese of 
Lindley. Flowers unisexual. Male flowers monandrous or monadcl- 
phous: stamens collected in a deciduous amentum, about a common 
rachis (fig. 728) ; anthers 1-2 or many-lobed, with longitudinal dehis¬ 
cence, often terminated by a scaly crest«(flg. 729). Female flowers in 
cones (fig. 730), sometimes solitary: ovary none, its place being supplied 
by the fiat scales of the cones, arising from the axil of membranous 



bracts (fig. 731); ovules naked, usually in pairs on the face of the 
scales (figs. 731, 732 o o), inverted or erect; style 0; stigma 0. Fruit 
a cone (figs. 201, 476, ^7), or a solitary naked seed (fig. 442.) Seed 


* naked, end seed. 

Figs. 728-734.—Organs of fructification of Plnus aylyestiis, Scotch Fir, to Illustrate tlie natural 
order Cotilfercp. ^ 

Fig. 728.—Collection of male catkins, c, clustered round a common axis. /, Leaves. 6, Ter- 
rnliml buds, with young leaves and scaly sheaths. 

Fig. 729.—Male flower, or the two-lobed anther, separated. 

Fig. 730.—Three collections of female flowers, or young cones, e, at the extremity of a branch, 
^g. 781.—A scale detached from one of these j’oung cones, and seen on the extenor. b, Bru4.t. 
«• 0 0, Suminic of the naked ovules. 

2 A 
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with a hard crustaceous integument, sometimes winged (fig. 73S); 
embryo in the midst of fleshy oily albumen (fig. 734); sometimes more 
than one embryo; cotyledons 2, or many and verticillate (fig. 734^ ; 





radicle next the apex of the seed, orgauieariy connected with the albu¬ 
men.—^Trees or shrubs, with branched, usually resinous trunks, the 
wood marked with circular disks (figs. 47, 48, 808), the leaves usually 
narrow, rigid or acerose, entire (fig. 147), sometimes fascicled, and 
with a scaly sheath at their base (fig. 728 b). They are found in 
various parts of the world, botl^in cold and hot regions. They abound 
in the temperate regions of Europe and America, and many occur in 
Australasia. Four genera of Conifera;, Araucaria, PhyUocladus, 
Mkrocackrys, and Arthrotaxis, are peculiar to the southern hemisphere. 
The following attain their maximum to the south of the tropics,— Cal- 
Utris, Podocarpiis, and Dacrydium. Dammara has one species in each 
hemisphere. 

1045. The order is a very extensive one, and has been divided into 
the following suborders:— 

1. Abietinese, the Fir and Spruce tribe: fertile flowers in cones, with 1 or 2 inverted 
ovules at the base of each scale; embryo in the axis of fleshy and oily albumen, 
di- or jxily-cotyledouous. Under tliis tribe are mcluded the following sections and 
sub-sections 

A. Scales 2-seeded, seeds adnate to the scale, and at length separating from it; 
anthers bilocular. 

а. Scales with a thickened apopliy.'iis, which is either entire or dimidiate. 

Pintis ,—Leaves in twos, threes, fours, or fives. 

б. Scales without an apophysis. 


Fip. 732.— Scale of a young cone seen on the inside, r, Tlie scale, t, The point by which it Is 
attached to the axts of the cone, o o,'flie two naked invoited ovules, m. Their upper opening 
01 * foramen to which the pollen is applied. The foramen was lormeily described erroneously as a 
ttigma. 

Fig. 733.—A scale from a mature cono. e, Tho scale. », Point of insertion, g, One of the 
Yringexyi^ds; the other having been removed. 

m.—The seed cut longitudinally a. Base of the wing, f. Integument, p, Perisperm 
(ai lj g fi n). e, Polycotyledonoos embryo. Near the radicle are the remains ot two ocher abortive 
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• I-.eave8 solitary. 

Scales deciduous, leaves fiat. 

Picetu —Scales persistent, leaves tetragonous. 

7^<(»^a.^Scales persistent, leaves fiat. 

• * Leaves fasciculated. 

iyrtnx.—Leaves flat, annual. 

Cedru&. —Leaves tetragonous, perennial. 

B. Scales l-seeded, seed adnate to the scale, and not separating from it, anthers 
multilocular. . 

Araucaria {Eutassa and Altmgid). 

C- Scales 1- or inany-seeded, seeds free, antliers bi- trl- or multi-locular. 
Vammara ,—Anthers multilocular. 

Cumingkamia .—Anthers trilocuiar. 

ArMrotoxw.—Anthers bilocular. 

t Cupresaineae, the Cypress tribe: ovules erect; fruit an indurated cone (fig. 477), or 
fleshy, with the scales connected, forming a galbulus (tig. 478); embryo di- or 
poly-cotyledonous. Cupresaus, Junipenis, Thuja, Taxodiuin, 

Cryptomeria, Callitris. 

8 . Taxincffi, the Yew tribe: anthers usually bilocular, with longitudinal dehiscence: 
fertile flowers, solitary, terminal; ovule solitaiy’, sessile in the centre of a fleshy 
di-^k, when in fruit forming a sort of drupe (tig. 442); embrj'o dicotyledonous. 
£’xam/>/cs—Taxus, Podocarpus, Daciy diiim, Phyllocladus, Salisburia. 

4 - Gnetacese, the Joint-fir tribe: male flowers with a perianth, anthers uni- or quodri- 
locular, opening by a short cleft; ovules with a projecting process formed from 
the intimate covering of the nucleus; seed solitary; embrj'o with a long spirally* 
twisted funiculus; stems jointed; zones of wood, often separated by marked 
cellular cii-cles (fig. 104). Examples —Gnetum, Ephedra. 

The order embraces 31 known genera, and 165 species, according to 
Lindley. Zucoarini enumerates 208 species of Coniferse,—in the nor¬ 
thern hemisphere, 165, and in the southern, 51; some species being 
common to both hemispheres. 

1046. The plants of this order furnish valuable timber, and yield 
various important products, such as turpentine, pitch, and resin. The 
various kinds of Pine, Fir, Spruce, and Cedar, belong to this family. 
Eutassa {Araucaria) excelsa is the Norfolk-island Pine, famed for its 
size and for its wood. Cedrus Libani is the Cedar of Lebanon, the 
of the Bible, while Cedrus Deodara is the Deodar or Himalayan Cedar. 
By exudation, and partly by the aid of heat, the plants of this order 
yield various kinds of turpentine, resin, tar, and pitch. Common 
turpentine is procured from Finns sylvtstm, the Scotch Fir, Pinus 
Pinaster, the Cluster-Pine, and var. maritima, Bourdeaux Pine, Pinus 
palustris. Swamp Pine, and Tteda, Frankincense Pine. Oil 

of turpentine is obtained from it by distillation. Venice turpentine 
and Strasburg turpentine are the produce of Abies Picea (Abies or 
Picea pectinata), the Silver Fir, and Larix europaa, the Larch; while 
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Canada Balsam is collected from Alks or Fkea hatsccmea, Balm of 
(iilead Fir, and A. canaderms, Hemlock Spruce. Dammara australis, 
the Kawrie-tree of New Zealand, yields a hard resin, and so does D. 
orientalis, the Amboyna Pitch-tree. Callitris quadrivalvia i^hvju 
arficulata), the Arar-tree, supplies a solid resin called Sandarach or 
Pounce, which is used to strew over manuscripts. Thus, or Common 
Frankincense, and Burgundy-pitch, are yielded by Abies excelsa, 
Norway Spruce Fir. Pirns Pwnilio gives Hungarian balsam, Pinus 
jnnea, the Stone Pine, is the source of Carpathian balsam. Essence 
of Spruce, used in making Spruce-beer, is got by boiling in water the 
leaves of the Scotch Fir [Pirns sylvestris), the Black Spruce [Abies 
nigra), and other species. A kind of Manna is procured from the 
Larch and from the Cedar of Lebanon. Tlie Bark-bread of the Nor¬ 
wegians is prepared from the inner bark of Pinus sylvestris. These 
various kinds of resin and pitch are used for stimulating and healing 
plasters, while the oil of turpentine [oleum terehinthince) is employed 
medicinally as a stimulant, diuretic, cathartic, and anthelmintic. The 
vapour of tar has been recommended in affections of the chest. The 
succulent cones (fig. 478) (commonly called berries) of Juniperus 
communis, Common Juniper, and the oil procured from them, are used 
medicinally as diuretics. The oil enters into the composition of the 
spirituous liquor called Hollands. The young branches and leaves of 
Juniperus Sabina, Savin, contain an active volatile oil, which is used 
as an anthelmintic and emmenagogue. In large doses it acts as a 
violent irritant poison. Tire wood of Juniperus Bermudiana furnishes 
Pencil Cedar. J. Virginiana, the Red Cedar, yields a rubefacient oil. 
Thuja oeddentedis is the common Arbor-vit® of gardens. Thuja 
orientalis is also in cultivation. Cupressus sempervirens, common 
Cypress, yields a durable wood, which is supposed to be the Gopher- 
wood, TPjj of the Bible. Podocarpus Totarra and Dacrydium taxijolium, 
both supply good timber in New Zealand. Taxus baccaia, the Yew, 
b a valuable timber tree. It yields resin, and its leaves and seeds are 
said to be narcotico-acrid. Salisburia has remarkable cuneate leaves, 
and the fruit of S. adiantifolia, the Ginko, is said to be eatable. 
Gnetum urens has singular stinging hairs within the episperm or outer 
integument of the seed. 

1047. Order 181.— Crendarear, the Cycas Family. [Aehlamyd. 
Didin.) Flowers unisexual. Males collected into cones, the scales 
bearing on their lower surface 1-celled anthers, which are united 
often in sets of two, three, or four. Females consbting of naked 
ovules, placed at the base of flat scales, or beneath peltate ones, or 
seated on the margins of altered leaves. Seeds hard and nut-like, 
sometimes with an external spongy coat; embryos 1 or 2, suspended 
in a central cavity; albumen fleshy or mealy; cotyledons unequal; 
radiole superior, having a long cord-like prolongation by which the 
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embryo is suspended.—Trees or shrubs, with cylindrical trunks, 
usually simple, sometimes dichotomous, marked with the scars of the 
leaves, and in many respects having the aspect of P8lras(fig. 8' 7). The 
internal structure is more or less distinctly that of dicotyledons. Pitted 
tissurand spiral vessels occur. The leaves are pinnate, and their ver¬ 
nation is circinate, thus resembling ferns. The plants of this order are 
found in the temperate and warm regions of America and Asia, as well 
as at the Cape of Good Hope. There are 6 genera, according to Lind- 
ley, and 45 species. Examples —Cycas (fig. 817), Zamia (fig. 8l8). 
Dion, Encephalartos, Macrozamia. 

1(148. The Cycadaceous family yields much starchy matter, along 
with mucilage. From the stems of C'ycas revoluta and circinalis, a 
kind of Sago is made. A clear insipid mucilage also exudes from 
them, which hardens into a transparent gum resembling tragaoanth. 
I)io7i editle yields a kind of arrow-root in Mexico. Zamia pumila, 
and other species in the AVest Indies, supply an amylaceous matter 
which has been sold as Arrow-root. The Bread-tree is a name 
applied by the Hottentots to various species of Encephalartos. 

Class II.—MoaocoTTLEnosES, Jms. EunooETias, DC. Endogens asd Dic- 

TYUOEiis, Lindl. Ami-hibkya, Endl. 

1049. In this great class the plants have a cellular and vascular 
system, the latter consisting partly of elastic spiral vessels (fig. 51). 
The woody stm (as in Palms, fig. 115, 1) is usually more or less 
cylindrical, simple, and unbranched. There is no true separable bark, 
no concentric zones, and no true pith (figs. 112, 113). The wood is 
endogenous, t.e. increases by additions, which first tend towards the 
centre, and then curve outwards in an interlacing manner (fig. 114, 2) 
towards the circumference, where much hard ligneous matter is de¬ 
posited, so as to make the exterior the hardest part (figs. 826, 827). 
The development of the stem usually takes place by a single central 
and terminal bud; occasionally lateral buds are produced (fig. 115, 2), 
and at times the stem is hollow. The leaves are parallel-veined (figs. 
135, 173, 194), except in the subclass Dictyogens, where a kind of 
reticulation is visible. The parts of the flower are arranged in a ternaiy 
manner (fig. 538), and they are often petaloid (fig. 260), sometimes 
scaly or glumaceous. The ovules are contained in an ovary, and are 
fertilized by the application of the pollen to the stigma. 'The embryo 
has one cotyledon (fig. 504), and the germination is endorhi^ 
(fig' 527). 

Subclas" 1.—DiCTYOOEKAi.* 

1050. Leaves reticulated, often articulated with the stem, branches 

* A^M-nov, a utl, aud to produce. 
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having the usual structure of Endogens, rhizomes or underground stems 
having the woody matter disposed in a compact circle, or in wedges 
containing central cellular tissue, and often showing medullary processes. 

1051. Order 182.—i»io*«ore«ce»e, the Yam tribe. {Mono-e^gyn.) 
Flowers unisexual. Perianth in 6 divisions, adherent. S . Stamens 
6, inserted into the base of the perianth ; anthers introrse, with longi¬ 
tudinal dehiscence. $. Ovary inferior, 3-celled; ovules 1-2, ana- 
tropal; style bifid ; stigmas undivided. Fruit a compressed trilocular 
capsule, with 2 cells, sometimes abortive, occasionally fleshy and inde- 
hiscent. Seeds compressed, winged or wingless, in the succulent fruit, 
ovate ; embryo small, near the hilum, lying in a large cavity of carti¬ 
laginous albumen.—Twining shrubs, with large epigeal or hypogeal 
tubers, alternate, sometimes opposite, reticulated leaves, and small, 
spiked, bracteated flowers. Natives chiefly of tropical countries; a 
few only found in temperate regions. There are 6 genera, according 
to Lindley, and 110 species. Examples —Dioscorea, Tamus. 

1052. Although farinaceous matter exists in the tubers of many 
species, yet there is a prevalent acridity throughout the order. Various 
species of Dioscorea, as D. alata, saliva, and acnleata produce the tubers 
called Yams, which are used in warm countries as a substitute for the 
potato. Testudinaria Elephaniipes is the Tortoise plant of the Cape, or 
Elephant’s-foot, so called on account of its peculiar shortened and 
tliickened stem (If 92). Tamils communis, Black Bryony, is common 
in hedges in England. It produces red succulent fruit, and has a large 
root, which is acrid. This acridity does not extend to the young 
suckers, which may be eaten with impunity. The acridity of the order 
sometimes manifests itself in purgative qualities. 

1053. Order 183.—Smiiacen, the Sarsaparilla Family. (Mono- 
perigyn.) Flowers bisexual or polygamous. Perianth petaloid, 6- 
])arted. Stamens 6, inserted into the base of the perianth, rarely 
hypogynous. Ovary free, 3-celled; cells uni- or multi-ovulate; ovules 
orthotropal; styles usually 3-clefk; stigmas 3. Fruit globular and 
succulent. Seeds with fleshy, cartilaginous albumen; embryo very 
small; usually distant from the hilum.—Herbs or undershrubs, often 
climbing, with netted-veined leaves. Natives of the temperate and 
tropical regions of Asia and America. There are 4 or 5 known genera, 
and upwards of 120 species. Examples —Smilax, Philesia. 

1054. Muoihiginous and demulcent properties prevail throughout 
the order. The root of various species of Smilax constitutes the Sar¬ 
saparilla or Sarza of the pharmacopoeias. Linnseus considered Smilax 
Sarsaparilla, a native of the United States, as the plant which furnished 
Sarsaparilla, but recent observers state that this is not the case. The 
following are enumerated as sources whence Sarsaparilla of various 
kinds is derived. 
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1. Smilax offioinalia, foond ia wtwda sear the Bio Magdalena in Columbia. It 

fomiehea Jamaica Sarza, which ia the best in the market. 

2. Smilax medioa, native of the Mexican Andes. It is thought to famish Vera 

Cmz Sarza. 

8. Smilax syphilitica, found in Brazilian Guiana. It in part supplies Br.izil and 
xasbon Sarza. 

4. Smilax oordato-ovata, a Brazilian species. Brazil Sarza in part. 

5. Smilax papyracea, a Brazilian species. Brazil and Lisbon Sarza in part. 

6. Smilax Brasiliensis, a Brazilian species. Brazil Sarza. 

7. Smilax, ? from Angostura, supplies Bio Negro Sarza. 

8. Smilax, sp. ? from Honduras, supplies Honduras Sarza. 

Mr. H. Scott says that the source of Red Sarza is S- paraguensts, 
which includes S. papyracea, BrasHimm, and officinalis. Besides 
these species, there are others which furnish substitutes, viz:— 

9. Smilax Purhampuy, a Peravian species. 

10. Smilax cxcelsa and asi>era, are used as substitutes in Europe. 

11. Smilax Zeylanica, glabra, perfoliata, and leucophylla, in Asia. 

12. Smilax China, a Chinese plant yielding China-root. 

13. Smilax Pseudo-China, from the United States. 

The officinal part is the roots which come off from the rhizomes. The 
roots are mucilaginous, bitterish, aud slightly acrid. They contain 
mucilage, starch, oil, resin, and a crystalline principle called Pariglin 
or Smilacin. Sarsaparilla is used in decoction and infusion, as a tonic 
and alterative, in cachectic and syphilitic cases, 

1055. Order 184.—XriiUnrra, the Trillium Family. {Mono-peri- 
gyn.) Flowers usually bisexual. Perianih in C, sometimes 8 divisions, 
coloured or herbaceous. Stamens 6, 8, or 10; filaments subulate; 
anthers linear, with a prolonged connective. Ovary free, 3- 4- or 

5- celled ; styles as many, distinct; ovules 00, anatropal. Fruit suc¬ 
culent, 3- 4- or 5-celled. Seeds 00; embryo minute, in fleshy albu¬ 
men.—Natives of the temperate parts of Europe, Asia, and America. 
Some of them are more or less acrid, others are narcotic. The rhizome 
of Trillium cemuwn is used as an emetic. The juice of the berries 
mixed with alum gives a blue colouring matter. Paris quadrifoha, 
Herb Paris, is narcotic. There are about 10 known genera, and up¬ 
wards of 60 species. Examples —Trillium, Paris, Triuris ? 

Subclass 2. — Petaloidezk. 

1056. Flowers having usually a perianth consisting either of verticil- 
late leaves, which may sometimes be separated into calyx and corolla, 
and are often coloured (petaloid j, or of a few whorled scales. Occa¬ 
sionally the perianth is abortive. 

a. Perianih adherent. Ovary inferior, Flowers usually hermaphrodite. 

1057. Order 185.—nydiwciiaridBcen!, the Frog-bit Family. {Mona- 
epigyn.) Flowers spathaceous, unisexual, rarely g • Perianth with a 

6- partite limb, the 3 outer segments herbaceous, aud equivalent to the 
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calyx, the 8 inner petaloid, and equivalent to the corolla. Stamens 
definite or indefinite, epigynous. Ovary adherent, 1 or many-ceUed; 
ovules 00, anatropal, frequently attached to parietal placentas; stigmas 
8-6. Fruit dry or succulent, indehiscent, uni- or m^tilocular. Seeds 
numerous, exalbnminous; embryo straight, radicle remote from the 
hilum.—Floating or aquatic plants, with paraUel-veined leaves, some¬ 
times spiny. Chiefly found in Europe, Asia, and North America. 
The plants of this order are not remarkable for their properties. 
Some are mucilaginous and astringent. Vallimeria spiralis (fig. 228) 
is a dioecious plant, the male flowers of which, at the time of flower¬ 
ing, are said to be detached from the mud of the water in which 
they grow, auJ tn float on the surface. At the same time the female 
flower develops a lung spiral peduncle, by means of which it reaches 
the surface of the water, so as to allow the application of the pollen 
496). The order has been divided into two sections:—1. Vallis- 
neriese, ovary 1-celled. 2. Stratiotese, ovary many-celled. There are 
12 known genera, according to Lindley, including 20 species. Exr 
mnp/es—Vallisneria, tJdora, Anacharis, Stratiotes, Hydrocharis. 

1058. Order 186.—Orchiaacrw, the Orchis Family. (Mono-epigyn.) 
Flowers bisexmal. Perianth adherent, herbaceous, or coloured, with 
a 6-partite limb (fig. 736 pe, pi), the segments being arranged in 2 
rows; exterior row (fig. 735 ce), called the calyx (although Lindley 
says it is more properly the corolla, the true calyx or calyculus being 
usually abortive), consisting of 3 segments (rarely 2 by adhesion), the 
odd one of which is often next the axis by a twisting of the ovary ; 
interior row (fig. 735 ci), called the corolla (regarded by Lindley as 
petaloid stamens), consisting usually <rf 3 segments (very rarely 1), the 
odd one of which is called the labellum or lip. This labellum (figs. 735, 
736, 737 1) frequently differs from the other divisions of the perianth, 
assuming remarkable forms, being lobed, spurred at the base, or 
furnished with peculiar appendages, which are sometinses derived from 
the stigma. It is sometimes divided by contraction, so as to exhibit 
three distinct portions, the lowest being the hypochilium (M, under, 
and hp); the middle, mesochilium (jtiaos, middle); and the 

upper, the epichilium (ex), upon or above). Stamens 3, epigynous, 
united in a central column along with the style; the two lateral sta¬ 
mens are usually abortive (figs 736 ss), the central one opposite the 
odd exterior segment being fertile (fig. 736 e) ; but at times the two 
lateral are fertile, and the central one is abortive; anthers 1-2-4-celled 
(flg. 738); pollen powdery or cohering in definite (fig. 744) or inde¬ 
finite waxy masses (pollinia) (figs. 739, 743), which often adhere by 
a caudicle (fig. 743 c) to a gland connected with the beak (rostellum) 
of the stigma. This gland is sometimes naked, at other times in a sac 
or pouch (bursicula). Ovary adherent, 1-celled (fig. 740), composed 
of 6 carpels, of which 3 only are placentiferous (Lindley); style incur- 
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porated with the column (gynostemium, yvri, pistil, and niftDj, sta¬ 
men) ; stigmas a viscid hollow space in front of the column (fig. 1 37 s). 







Figft. 736-741 —Flower of Spiranthes nntiininalis, to illustrate tlio natural order Orcludaoefc. 

Kit;. 7d6.—Flower alter ttie ovaiy haa twisted on itself, seen laterally, o, Ovaiv with tlij 
adherent peilanth. c e. Outer divisions of the penanth, culled by some calyx, and by Ltudley 
corolla, c t, Inner divisions of the perianth, called by some the corolla, and cons'dcioil L/ 
Lindlcy as petaloid stamens. I, llie labelluin or lip, being the lower of the three Inner seg- 
inenta. 

Fig. 736.—Diagram of the flower in the young state, before the twhsting of the ovary hits 
taken place, a. The axis of the spike of flowera jye. pe, pe. Outer pet miith. pi, pi, Two div i- 
sions of the inner perianth. 7, Third division of the inner penanth, in thi.s state placed next 
thoAxla e, Fertile anther. Two abortive anthers oi staininodia. o, Ovaiy. 

Fig 737.—Summit of the flower cut vertically, o, Adherent ovary with parietal ovules, 

I, Labellum or lip. «, Stigma, a, Anther, 

Fig. 738.—Anther separated Its inner surface shown with its two cells. 

Fig. 739.—Granular pollon-masaes taken from the antlier. 

Fig. 740.—Horisontal section of the ovary, with three parietal placentas bearing numerous 
ovules. 

Fig. 741.—A seed separated, with its external reticulated Integument, t 

Fig. 742.—Embryo of Aceras anthroiKiphora deprived of its integuments. 

Fig. 743 .—Pollen-masses (Pollinia) of Orclus maculata, with the grams united la Uttle conlcai 
masses c, Caudicle terminated by the retinuculuin and glands. 

Fig. 744.—’Ihe conical masses which the pollen-grains form by their cohesion. 
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communicating directly with the ovary fay an open canal. The upper 
part of the united stigmas is often extended into a beak-like process 
(rostellum). Placentas 8, parietal (figs. 457, 740). Fruit a capsule, 
opening by 3 or 6 valves, rarely fleshy, and indehiscent. Seeds 00, 
very minute, with a loose reticulated spermoderm (fig. 741), exalbu- 
ntinous; embryo solid, fleshy (fig. 742) ; large radicle next the hiluni.— 
Perennial herbs or shrubs, with fibrous or tubercular roots (fig. 121), 
either no stem or a pseudo-bulb, entire parallel-veined often sheathing 
leaves, and generally showy, attractive flowers. Sometimes buds are 
produced on the margins of the leaves (fig. 214). They are natives of 
almost aU parts of the world, but they abound in moist tropical regions. 
They are not found in the arctic regions, nor in very dry climates. 
Some are terrestrial, and others are epiphytic. The former are com¬ 
monly seen in temjjerate climates, the latter in warm regions. Disa 
grandifiora is found on Table Mountain at an elevation of 3,582 feet. 
The only known locality for it is in a marshy hollow, near the eastern 
extremity of the summit, where it is abundant among rushes on the 
margins of small pools and streamlets in a black boggy soil. Two rare 
species of Disa are also seen there, D. firrvginea and tenui/olia. Onci- 
dium nubigenum is I'ound on the Andes, near Quito, at an elevation of 
14,000 feet above the level of the sea. Epidendrum frigidum occurs 
in Columbia at an elevation of 12,0f)0 to 13,000 feet (mean tempera¬ 
ture 46°), and is covered with a sort of varnish. Lindley enumerates 
896 genera, including about 3000 species; of these, 16 genera and 
40 species are British. Examples —Stclis, Liparis, Dendrobium, 
Epidendrum, Vanda, Orchis, Ophrys, Arcthusa, Neottia. 

1059. The plants of this order are well distinguished by the pecu¬ 
liar forms of their flowers, their remarkable lip, gynandrous stamens, 
and pollen-masses. Their flowers often resemble insects, as butter¬ 
flies, moths, bees, flies, and spiders; or birds, as doves and eagles; 
or reptiles, as snakes, lizards, and frogs. The colour* and spots on 
the perianth sometimes give the appearance of the skins of quadrupeds, 
as the leopard and tiger. These resemblances are often indicated in 
the generic and specific names. The labellum, in some instances, dis¬ 
plays peculiar irritability (IT 665). 

. 1060. Mucilaginous properties occur in many of the plants of this 
order. Some are aromatic and fragrant; others are antispasmodio 
and tonic. The tuberous roots of some yield a nutritious substance 
called Salep, which consists chiefly of bassorin, some soluble gum, and 
a little starch. The orchid yielding it is not well known; some say 
that it is Orchis mascula, others 0. papiUonacea, Mono and militaris, 
others Eulophia vera and eampestris. Salep forms an article of diet 
fitted for convalescents, when boiled with water or milk. The roots 
tfl’ Aplectrum hyemale contain a very glutinous matter, and hence the 
plant is called in America Putty-wort. The fleshy pod-like fruit of 
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Vanilla planifolia, and V. aromatica, constitutes the substance called 
Vanilla, which is used in confectionery, and in flavouring chocolate. 
It contains an oil and much benzoic acid. A kind of Vanille called 
Chica in Panama is procured from a species of Soh-alia. A blue colour¬ 
ing matter has been found in some of the orchids. The odour of many 
of them is very fragrant; sometimes it is oppressive; at other times, 
as in Malachadenia clavata, it is very fetid, resembling carrion. 

1061. Order 187.—zinsibemceK, or SciiamiaeK, the Ginger 
Family. (Mono-epigyn.) Perianth superior, in 2 whorls; outer (calyx) 
tubular, 3-lobed, short; inner (corolla) tubular, elongated, 3-parted, 
segments nearly equal. Stamens in 2 whorls; outer sterile, petaloid, 
having the appearance of a 3-patted corolline whorl, with the inter¬ 
mediate segment (labellum) larger than the rest, and often 3-lobed, 
sometimes the lateral segments are inconspicuous or nearly abortive; 
inner stamens 3, the two lateral being abortive, the intermediate one 
opposite the labellum, fertile; filament not petaloid, often prolonged 
beyond the anther; anther 2-cened, dehiscing longitudinally. Ovary 
3-celled, or imperfectly so; ovules several, anatropal, attached to a 
placenta in the axis; style filiform; stigma dilated, hollow. Fruit 
usually -a 3-celled capsule, sometimes baccate. Seeds roundish or 
angular, sometimes with an ai-illus; embryo enclosed in a vitellus 
(the remains of the embryo-sac), surrounded by farinaceous albumen, 
which is deficient near the hilum.—Herbs with a creeping rhizome, 
and simple sheathing leaves, having parallel veins proceeding from the 
midrib to the margin. The flowers arise from membranous spa- 
thaoeous bracts. Natives of tropical countries. By far the greater 
number inhabit various parts of the East Indies; some are found in 
Africa, and a few in America. They form a part of the singular Flora 
of Japan. Bindley mentions 29 genera, and 247 species. Examples 
—Zingiber, Curcuma, Amomum, Hedychium, Renealmia. 

1062. Plants often with showy flowers, having aromatic stimulant 
properties, which reside chiefly in their rhizome or root, and in their 
seeds. Some yield starchy matter. The rhizome of Zingiber officinale 
(Amomum Zingiber), constitutes the Ginger of commerce, which is im¬ 
ported from the East and West Indies. In the young state the 
rhizomes are fleshy and slightly aromatic, and they are then used as 
preserves; while in a more advanced state, the aroma is fully deve¬ 
loped, their texture is more woody, and they are then fit for ordinaiy 
ginger. When dried, after immersion in hot water, they form Black 
ginger; when simply dried in the sun, after being cleaned, they 
receive the name of White ginger. The rhizome contains an acrid 
resin and volatile oil, starch and gum. It is used as a tonic and car¬ 
minative, in the form of powder, syrup, and tincture. Curcuma longa, 
a native of Eastern Asia, furnishes Turmeric. This consists of the 
branches of the rhizome, or root-stock. Its powder is lemon-yellow, 
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and it is used as a dyestuff. It contains starcli, an acrid volatile oil, 
and a yellow colouring matter called Curcumin. It is employed medi¬ 
cinally as an aromatic carminative, and, as a condiment, it enters into 
the composition of curry-powder. The root-stocks of Alpinia race- 
mosa, and A. Golanga, Galangale, and many other plants of the order, 
have the same properties as ginger. They have been used by the 
Indian doctors in cases of dyspepsia and in the treatment of coughs. 
Various species of Amomxim, Elettaria, and lienealmia, appear to 
furnish the Cardamoms of the shops, which consist of the oval trival- 
vular capsules containing the seeds. The following are some of the 
sources whence Cardamoms are procured :— 

1. Amomum CardanHimum. a Java plant, supplies the round Cardamoms. 

2. A. angustifolium furnishes the large Madagascar Cardamoms, and also supplies 

some of the seeds called Grains of Paradise. 

8. A. majcimum produces the Java Canlamoms of the London market 

4. A. repens (Renealmia or lilettaria Cardamomura) is the source of Malabar 
Cardamoms. 

6. Elettaria major is said to yield Ceylon Cardamoms. 

The seeds of these plants are used as aromatic tonics and carminatives. 
Their active ingredient is a pungent volatile oil. Grains of Paradise 
are the seeds of Amomum Melegueta, Melegueta Pepper, and have the 
same properties as Cardamoms. East Indian Arrow-root is procured 
in part from Curcuma angustifolia, and a similar kind of starch is 
yielded by Curcuma Zerumbet, C. leucorhiza, and Alpinia Galanga. 

1063. Order 188.—Moraumcete or Cannacese, the AiTow-root 
Family. (Mono-epiggn.) Perianth superior, in 2 whorls; outer 
(calyx) 3-lobed, snort; inner (corolla) tubular, elongated, 3-parted, 
segments nearly equal. Stamens in 2 whorls; outer sterile, petaloid, 
irregular, resembling a tubular trifid corolla, with one of the lateral 
segments dilferent from the others; inner petaloid, 2 sterile, and 1 
lateral fertile; filament of the latter petaloid, entire, or 2-lobed; anther 
on the margin of the filament, 1-celled, dehiscing longitudinally. Ovary 
3-celled, rarely 1-celled; ovules solitary and erect, or numerous and 
attaclied to the axis; style petaloid or swollen; stigma either the naked 
apex of the style, or hollow, hooded, and incurved. Fruit a 3-celled 
capsule, or baccate, 1-celled and 1-seeded. Seeds round, without 
arillus; embry o straight, in hard, somewhat floury albumen, without 
a vitellus; radicle lying against the hilum (fig. 527).—Herbaceous 
plants, with tuberous rhizomes, and leaves and flowers, similar to those 
of the Ginger Family. They are natives of tropical America, and 
Africa; several are Ibund in India; none are known in a wild state 
beyond the tropics. Lindley enumerates 6 genera, including B60 
species. Examples —Jlaranta, Canna, Phrynium. 

1064. The plants of the order c<.)ntain much starch in the rhiiomes 
8nJ roots. They are destitute of aroma. Arrow-root is the produca 
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of the tuberous rhizomata of Maranta arunclimcea and M. indica. 
The best West Indian arrow-root comes from Bermuda. Its globules 
are much smaller and less glistening than those of tous-les-mois or 
jiotato starch. Amylaceous matter of a similar kind is produced from 
other species of Maranta, as well as from species of Canna. Tous-les- 
mois is the produce of Canna coccinea, C. Achiras, C. edulia, &c. 
The seeds of Cannas are round and black, and are commonly known 
under the name of Indian shot. They have been used as a substitute 
for coffee. Calathea zehrina, Zebra plant, is so called from the peculiar 
variegation of its leaves, which have a velvety aspect. Barn^oud states 
that the two outer verticils .of the flowers in Cannas are always 
developed, one after the other, precisely like the calyx and corolla; 
while the verticil, sometimes called petals, is really metamorphosed 
stamens, and hence its irregular aspect. 

1065. Order 189 .—Mumiccie, the Banana Family. {Mono-epigyn) 
Perianth C-cleft, adherent, petaloid, in 2 whorls, more or less irregular. 
Stamens 6, inserted on the middle of the segments of the perianth, 
some usually abortive; anthers linear, dithecal, introrse, often with a 
membranous petaloid crest. Ovary inferior, 3-celled; ovules numer¬ 
ous, anatropal; style simple; stigma usually 3-lobed. Fruit either a 
3-celled capsule, with loculicidal dehiscence, or succulent and indehis- 
cent. Seeds sometimes surrounded by hairs; testa usually crusta- 
ceous; embryo erect, in the axis of mealy albumen ; radicle touching 
the hilum.—Plants without true aerial stems, or nearly so, having 
shoots proceeding from subterranean root-stocks, which form spurious 
stems, composed of the sheathing leaf-stalks. Veins in the limb of the 
leaf parallel, and proceeding in a curved manner from the midrib to 
the margin (fig. 135). Flowers bursting through spathas. Natives 
of warm and tropical regions. There are 5 known genera, and 21 
species. Examples —Musa, Strelitzia, Ravenala. 

1066. The plants of this order furnish a large supply of nutritious 
fruit, and their leaves afford valuable fibres. Spiral vessels abound in 
them. Musa sapientum and Cavendis/tii furnish different kinds of 
Banana, jvhile M. paradisiaca yields the Plantain. These fruits in 
their ripe state contain much starchy matter. From their spurious 
stems, the fibres of the spiral vessels may be pulled out in such quantity 
as to be used for tinder. The ribbon-like fibre in these vessels is 
composed of several threads united together (pleiotrachem) (fig. 51). 
The produce of the Banana is of great value to the inhabitants of 
warm countries. The same extent of ground which in wheat would 
only maintain two persons, will yield sustenance under the Banana 
to fifty. Musa textilis yields a kind of woody fibre, which is used in 
India in the manufheture of Cue muslins. Manilla Hemp is the pro¬ 
duce of Musa textilis. The woody tissues of many species of Musa is 
used for manufacture in warm climates. The young shoots of tlie 
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Bnnana are used as a culinary vegetable. The juice of the fruit and 
the lymph of the stem of Musa are slightly astringent and diaphoretic. 
Urania or Ravenala speciosa is the Water-tree of the Dutch, or the 
Traveller’s tree of Madagascar, so called on account of the great 
quantity of water which flows from its stem or leaf-stalk when out 
across. The juice of the fruit of Urania is used for dyeing. 

1067. Order 190.— iridaceat. the Iris Family. (Mono-eptmn.) 
Perianth adherent, 6-parted, coloured, in 2, often unequal whorls 
(figs. 745, 746). Stamens 3, epigynous, opposite the outer segments 
of the perianth (figs. 745, 746 ee); filaments distinct or monadelphous; 
anthers 2-celled; extrorse. Ovary inferior (fig. 746 o), 3-celled; ovules 
numerous (fig. 746 g), anatropal; style 1; stigmas 3, often petaloid 
(fig. 746 s), sometimes bilabiate. Fruit a 3-celled, 8-valved capsule, 



with locullcidal dehiscence (fig. 448). Seeds numerous; embryo en¬ 
closed in horny or fleshy albumen ; radicle next the hilum (fig. 747). 
—Herbs, rarely undershrubs, with rhizomes or underground corms, 
having their leaves often equitant or distichous, and their flowers 
spathaceous. Natives chiefly of warm and temperate regions. They 


Figs. 746-747.—Organs of flructlflcatlon of Ills Gcrmanica, to illustrate the natural order 
Iridaceas. 

Fig 746.—Diagram of the flower, showing six divisions of the perianth In two verticils, three 
extrorse stameni^ and the 2-ceUed capsule with numerous ovuiea a, Petition of the axis of 
inflorescence. 

Fig. 746.—Vertical section of the flower, ee, Outer divltions of the coloured perianth. 

Inuor divi^ons of the perianth, t. Tube of the perianth, above the part wlilch Is adherent 
to the ovary, o, Inferior fl-celled ovary, g. Numerous anatropal ovules, e «, Stameua * t, 
Petaloid stigmas. 

747.—Seed separated and cut longltndlnallv. t Integuments (spormoderm). p, Peri* 
vnerm. «, Embryo enclosed in the perisi^na. m, Hicropyle (forameu) 
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abound at the Cape of Good Hope. The Crocus occurs only in 
Europe and Asia. There are 53 known penera, and 550 species. 
Examples —Iris, Sisyrinohium, Witsenia, Gladiolus, Ixia, Crocus. 

1068. Some of the plants have fragrant and stimulant, and some 
acrid, rhizomes and corms j others yield dyes. The root-stock of Iris 
Florentina yields orris-root, which has a pleasant odour like violets, 
and an acrid taste, depending on the presence of a volatile oil. It is 
imported from Florence and Leghorn. Orris-root is used chiefly for 
giving a pleasant odour to the breath, and in perfumery and tooth- 
powder. Orris-root starch is used for hair-powder. Crocus salivas, the 
DDia of the Old Testament, furnishes the colouring material called 
Saffron. It consists of the stigmata, which have a fine deep-orange 
colour. These stigmata are either dried in the loose state, forming 
Hay Saffron, or compressed into masses, constituting Cake Saffron. 
The yellow colouring ingredient is Polychroite, which possesses the 
property of being totally destroyed by the action of the solar rays, 
and of forming blue tints when treated with sulphuric and nitric acid. 
Saffron contains an active volatile oil, and it has been used in the 
form of tincture and syrup, as an emmenagogue and antispasmodic. 
The stigmata of Crocus autumnalis and C. odorus, also supply saffron. 
The roasted seeds of Iris pseudacorus have been used as a substitute 
for coffee. 

1069. Order 191.—^B 0 rmainiiiice», the Bunnannia Family. (Mono- 
epigyn.) Perianth coloured, tubular, 6-cleft, the three outer segments 
(calyx) often keeled at the back, the three inner (petals) minute. 
Stamens 3, inserted in the tube of the perianth, opposite its inner 
segments, sometimes with 3 alternating sterile filaments; anthers 
dithecal, opening transversely, with a fleshy connective. Ovary in¬ 
ferior, either 1- or 3-celled, in the latter case the cells opposite the 
outer segments of the perianth; ovules 00; style simple; stigmas 3. 
Fruit a i-3-oelled, 3-valved capsule, crowned by the persistent peri¬ 
anth. Seeds 00, minute, striated.—Herbs, with radical leaves and 
bisexual flowers. Natives of moist grassy places in tropical regions 
'fhey have no properties of importance. There are about 10 known 
genera, and 35 species. Examples —Burmannia, Apteria, Apostasia? 

1070. Order 192.—iimnodoraccK. the Blood-root Family. (Mono- 
epigyn.) Perianth petaloid, more or less woolly, 6-cleft. Stamens 
inserted on the perianth, either 3, and opposite the inner segments of 
the perianth, or 6; anthers introrse. Ovary adherent to the tube of 
the perianth, usually 3-celled, rarely 1-celled ; ovules 1-2 or numerous; 
style simple; stigma undivided. Fruit a 3-valved capsule, sometimes 
indehiscent. Seeds either definite or 00, sometimes peltate; embryo 
in cartilaginous albumen.—Hubs with fibrous roots, equitant distichous 
leaves, and bisexual flowers. They are found in various parts of the 
world, more especially in the warm parts of South America at the 
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Cape of Good Hope, as well as in North America and Anstralia. 
Lindley mentions 13 genera, and 50 species. Examples —llajmodorum, 
Anigosanthus, Velozia, Barbacenia. 

1071. The plants receive the name of Blood-root, from the red 
colour of their roots, which are used for dyeing. Vellozias, Tree 
Lilies, give a decided feature to the vegetation of the mountains of 
Minas Geraes in Brazil. Their trunks are covered by the withered 
remains of the leaves, and their branches are dichotomous, and bear 
tufts of leaves at the extremities. The outer surface of their stems 
is covered thickly with numerous adprcssed rootlets, 

1072. Order 193.—AmarjiHdn*ciE, the Amaryllis Family. {Mono- 
epigyn.) (Fig. 251). Perianth petaloid, regular, 6-cleft, the outer 
segments overlapping the inner. Stamens C, inserted in the perianth, 
sometimes cohering by the dilated bases, and forming a kind of cup; 
occasionally there are additional sterile stamens, which sometimes 
form a corona above the tube of the perianth; anthers introrse. Ovary 
inferior, 3-celled; ovules 00, anatropal; style 1 ; stigma 3-lobed. 
Fruit either a 3-cellcd, 3-valved capsule, with loculicidal dehiscence, 
or baccate. Seed with a thin or thick, or black and brittle spermo- 
derm; albumen fleshy; embryo nearly straight; radicle next the 
hilum.—Usually bulbous plants, sometimes with fibrous roots; leaves 
ensiform, with parallel veins; flowers spathaceous; stem sometimes 
woody and tall. Natives chiefly of the Cape of Good Hope, but 
species are found in Europe, East and West Indies, South America, 
and Australia. Lindley enumerates 68 genera, and 400 species, and 
he divides them into 4 tribes:—1. Araaryllea;, bulbs, flowers without 
a corona. 2. Narcisscse, bulbs, flowers with a corona. 3. Alstro- 
meriese, fibrous roots, outer segments of the perianth different in form 
from the inner. 4. Agave®, fibrous roots, both segments of the peri¬ 
anth alike. Examples —Amaryllis, Galanthus, Crinum, Narcissus, 
Alstronieria, Agave. 

1073. The bulbs of many plants of this order have narcotic poison¬ 
ous qualities. Some of them act as emetics, others are used in the pre¬ 
paration of a kind of intoxicating spirit. The tough fibres of some are 
used for flax. The root of Hcmanlhus toxicarixis is poisonous. The 
flowers of the Daffodil {Narcissus pseudo-narcissus) are also said to 
be poisonous. The fibres of Agave Americana, American Aloe, yield 
Pita flax. This plant does not flotyer often, but when flowering begins, 
it proceeds with great rapidity and vigour. Its roots are sometimes 
used to adulterate Sarza. Its juice is fermented so as to form an 
intoxicating beverage. Agave Saponaria is used in Mexico for washing. 
The bulbs of Narcissus posticus, N. JonquiUa, N. odorus, N, jpseitdo- 
narcissus, N. Tazetla, and of some species of Pcmcratium are emetic. The 
Guernsey Lily is also reputed poisonous. Some Alstrdmerias are diu¬ 
retic. In Alstromerias (fig.^51), the leaves are twisted, so that what 
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sTiould be the upper surface becomes the lower. In Narcissus the 
corona or crown of abortive filaments projects beyond the flower; while 
in PancratiwH the dilated filaments of the fertile stamens unite together, 
and are included within the perianth. Many ornamental garden 
plants belong to the order. 

1074. Order 194.—Bj-poxldacen. the Hypoxis Family. (J/ono- 
cpigyn.) Perianth petaloid, superior, usually 6-parted, regular. Sta¬ 
mens 6, inserted into the base of the segments of the perianth, fila¬ 
ments distinct; anthers introrse. Ovary inferior, 3-oelled; ovules 
numerous, amphitropal; style simple; stigma 8-lobed. Fruit inde- 
hiscent, sometimes succulent, 1-2- 3-celled. Seeds 00, with a lateral 
hilum and a beaked caruncle ; testa black, and crustaceous ; embryo 
straight, in the axis of fleshy albumen; radicle remote from the hilum. 
— Herbaceous and usually stemless plants, with tuberous and fibrous 
roots, radical plaited leaves, and simple or branched scapes. Natives 
of warm countries. Some have bitter roots, others have edible tubers. 
There are 4 known genera, including CO species. JSrampte—-Hypoxis, 
Curculigo. 

1075, Order 195.—Bromeliacew, the Pine-apple Famfly. (Mono- 
perigyn.) Perianth tubular, G- divided, -in 2 verticils; outer whorl 
(calyx) persistent, more or less adherent to the ovary; inner petaloid, 
niarcescent or d<'ciduous, with imbricated estivation. Stamens 6, in¬ 
serted into the base of the segments of the perianth; anthers introrse. 
Ovary either free or partially adherent, 3-ceiled; ovules 00, anatropal; ' 
style single; stigma 3-lobed or entire, often twisted. Fruit capsular 
or succulent (figs. 25G, 474), 3-celIed. Seeds 00; embryo minute, 
curved or straight, lying in the base of mealy albumen ; radicle next 
the hilum.—Stemless or short-stemmed plants, with rigid, channelled 
loaves, which are often .spiny at the margin, and are covered with 
scurfy matter. Natives of the warm parts of America chiefly. There 
are 23 genera, according to Lindley, and 170 species. Examples — 
Bromelia, Ananassa, Tillandsia, Bonapartea. 

107C. The plants of this order are all more or less epiphytic, being 
able to grow without any direct attachment to the soil. In hothouses 
they are frequently kept suspended in moistenejd moss. Some of 
the TUlandsias are hung from balconies’in South America as air- 
plants. Tillandsia usneouhs has the appearance of the Beard-moss (a 
lichen commonly seen on trees in Britain), and it is used for stuffing 
cushions, &c. The plant has been called Tree-beard or Black Moss. 
The leaves of TUlandsias frequently contain much water in tjieir hol- 
lowed-out bases. The fruit of Ananassa saliva is well known as tlie 
Pine-apple or Ananas (fig. 250), It is an anthocorpous fruit, consist¬ 
ing of numerous flowers and bracts united together, and becoming 
succulent. The fruit is more or less acid in the wild state, but when 
cultivated it becomes sweet and highly aromatic. The fibres of the 
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leaves are used in tbe preparation of fine muslins. The woody fibres 
of many Bromdiaa are used in manufactures. Bromelia Pinguiti, is 
used as a xermifuge in the West Indies. Its ovaries do not combine 
into one mass, and therefore illustrate well the formation of the Pine¬ 
apple. The crown of the Pine-apple consists of the leaves arising from 
the prolonged attis (fig. 474/). 

b. PeriatUh free, Ovary superior. Flowers usually hermaphrodite. 

1077. Order 19G.«— l<Uiaceir, the Lily Family. (Mono-perig. and 
Mono-hypog.) Flowers usually bisexual. Perianth coloured, in 2 
rows, regular, with 6 divisions (figs. 259, 260, 748, 749). Stamens 
6 (fig. 538), perigynous, inserted into the segments of the perianth 
(figs. 259, 748, 749); anthers introrse (fig 750 e). Ovary free, 3-celled 
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(fig. 749); ovules 00; style 1; stigma simple or 3-lobed (figs. 259, 
260, 750 s). Fruit 3-celled, either succulent or dry and capsular. 
Seeds numerous, packed one above the other in 1 or 2 rows (fig. 750); 
embryo in the axis of fleshy albumen (fig. 751).—Herbs, shrubs, or 
trees, with bulbs (figs. 207-209), or tubers, or arborescent stems, or 
rhizomes (fig. 90); leaves not articulated, usually narrow, with parallel 
veins. They are found both in temperate and tropical climates. In 
warm regions some of them are arborescent, as in the case of Dracrenas; 
others are very succulent, as species of Aloe. The order has not been 
snfiSciently defined, and there are stiU many difierences of opinion as 

to its limits. Under it are included by some the following suborders:— 

♦ 

1. Tulipeso, Tulip tribe: bulbous plants, segments of perianth scarcely adherent in a 

tube, testa pale and soft 

2. Herraerocallidese, Day-lily tribe: bulbous plants, with a tubular perianth, testa 

pale and soft 

Fl^ 748-7fil.-‘Oreans of huctlfication of bdlla aatumnalia, to Uliutrate the natural order 
LUiaceoe. 

Fiff. 748.—Flowers seen from above, ee, Outer verticil of tho perianth (calyx), d, Inner ver¬ 
ticil of the peiianth (corolla). 

F(«. 749 .—Diagram of the flower, showing three outer and three Inner leaves of the perianth, 
six alternating stamens In two rows, and three carpels of the ovary with the ovnlea 
Fig. 750.—Vertical section of tho flower, c c, Perianth. «, Stamens, o, Ovary, j, Style and 
stigmas, g. Ovules attaclied to a placenta In the axia 

Fig. Tbl. >*Seed sedated and cut lengthwise, Integument p, Perispenn. e, Embryo 
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8 Scilleffi or Affieo, the Sqolll or Onion tribe; bulbous (figs. 207-209), with the 
testa hlaek and brittle. 

k. AnthericesB or Asphodeleas, Asphodel tribe: not bulbous, roots fascicled (fig. 120) 
or fibrous, leaves not coriaceous nor permanent. 

S Convallariese, Lily of the Valley tribe: stem developed as a rhizome or tuber 
(fig. 90). 

6. Asparagese, Asparagus tribe: stem usually fully developed, arborescent, in some 

eases branched, leaves often coriaceous and ponnanent. 

7. Aloinese, Aloes tribe: stem usually developed, arborescent, leaves succulent. 

fi. Aphyllantheffl, Grass-ttee tribe: having a rush-like habit and membranous im¬ 
bricated bracts. 

Lindley adds to these the tribes Conantherete, Wachendorfese, Aspidis- 
tre®, and Ophiopogoneae. He enumerates 133 genera, including 1,200 
species. Examples —^Tulipa Lilium; Hemerocallis, Phormium ; An- 
thericum, Asphodelus; Convallaria; Asparagus, Dractena; Aloe; 
Aphyllauthes, XanthorrhtEa; Conanthera; Wachendorfia; Aspidistra; 
Ophiopogon. 

1078. Many of the plants of this order are showy garden flowers, 
such as Tulips, Lilies, Fritillaries, Day-lilies, Tuberoses {PoUanthes), 
and Dog-tooth-violets {Erythronium). Some of them are used medi¬ 
cinally as purgatives, stimulants, emetics, and diaphoretics. Some 
yield valuable fibres, others supply resinous matter. The bulb of 
SciUa or SquUla (Urginea) maritima supplies the officinal squill. The 
plant grows on the sandy coasts of the Mediterranean. Its bulbs vary 
in weight from half a pound to four or five pounds. In their fresh 
state they are very acrid. They contain a bitter crystalline principle, 
called Scillitina. Squill is used medicinally in the form of powder,, 
vinegar, syrup, and tincture, as an emetic, diaphoretic, expectorant, 
and diuretic. The drug called Aloes is the inspissated juice of the leaves 
of various species of Aloe, as A. spicata, vulgatis, socotrina, indica, ruhe- 
scens, arobica, ItngucB/ormis, and Comraelini. It is imported under the 
names of Socotrine, !^t Indian or Hepatic, Barbadoes, Cape and Cabal¬ 
line Aloes, It contains a substance called Aloesin, which some regard 
as its active principle. Aloes is used medicinally as a cathartic, acting. 
chiefly on the large intestines and on the rectum. The bulb of Allium 
sativum, Garlic, is used as an irritant, stimulant, and diuretia It is. 
the D^ei of the Bible, the axo^obov of the Greeks. The bulb of Allium 
Cepn, the Onion, the ^"3 of the Bible, is used in the same way as 
grrlic, and so is the bulb of Allium Porrum, the Leek, the *''^0 of the 
Bible (figs. 207, 208). Besides the Onion and Leek, several species 
of Allium, under the name of Chive (A. Schoenoprasum), Shallot (A. 
ascalonicum,) and Rocambole (A. Scorodoprasum), are used as articles 
of diet. These plants contain free phosphoric acid, and a sulphuretted 
oil, which is in a great measure dissipated by boiling or roasting. In 
the Oregon and Missouri districts of North America, the bulbs of 
Gamassia esculmta, Gamass or Squamash, are also employed in a 
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similar tnanner. It is calkd by the Indians Biscmt-root The turios 
or young shoots sent up from the underground stem of A^m-agus 
offidiwlia (fig. 110), are the parts employed in cooking. The bulbs of 
species of IMiim, found in the east of Siberia, are eaten like potatoes. 
Fibres are procured from Phormium temx, New Zealand Flax, and 
from the species of Twxa, Adam’s Needle (fig. 234). Dracma Draco, 
and other species, yield an astringent resin called Dragon’s-blood. 
The Draeterua oflen branch in a dichotomous manner, and attain a 
large size. The Grass-tree of New South Wales, XantfmrhcBa hoMilis, 
gives a peculiar feature to the vegetation of that country. It yields a 
yello%v gum-like substance. The base of the inner leaves of some 
Grass-trees is used as food. Some of the Idlies have bulbils or bulb- 
lets in the axils of their leaves (fig. 213). In the Crown-Imperial there 
is a nectariferous depression in the base of the segments of the perianth 
(fig. 802). Lilmm chalcedonicum is said to be the Lilies of the field, 
T<e Tov cly^av, mentioned in Scripture. Hyacinthus orientalis ia 
the common cultivated Hyacinth, of which the Haarlem florists had at 
one time upwards of 2,000 varieties. The mania for Tulip bulbs was 
at one time carried to a great extent, and the price given for approved 
kinds was enormous. Many hundred varieties of tulips are known. 

1079. Order 197.— Mei«»iiiBce», the Colchicum Family. (Mono- 
perigyn.') Perianth petaloid, in 6 pieces, which are sometimes slightly 
coherent, usually involute in aestivation. Stamens 6; anthers extrorse. 
Ovary 3-cel!ed; ovules numerous; style 3-parted; stigmas 3, un¬ 
divided. Fruit a 3-celicd capsule, with septicidal or loculicidal dehis¬ 
cence. Seeds with a membranous spermoderm; albumen dense, 
fleshy; embryo very minute.—Plants with bulbs, tubers (fig. 93), or 
fibrous roots, having parallel-veined leaves, sheathing at the base. 
The flowers are sometimes polygamous. They are natives of various 
parts of the globe, but are most abundant in northern countries. The 
order has been divided Into three suborders;—1. Veratreae or Melan- 
thete, rhizome fibyous, dehiscence of capsule septicidal, flowers fre¬ 
quently unisexual. 2. Colchlcese, rhizome bulbous, dehiscence sep¬ 
ticidal. 3. Uvulariese, rhizome bulbous or fibrous, dehiscence loculi¬ 
cidal. There are 80 known genera, and 180 species. Examples— 
Mclanthium, Veratrum, Tofieldia; Colchicum; Uvularia. 

1080. The plants of the order Imve in general poisonous properties. 
Many are acrid, purgative, and emetic, and some are narcotic. Ajnong 
the medicinal plants of the order, the most important is Colchicum 
auiumnale. Meadow Saffron, or Autumn Crocus. The bulb or conn 
(fig. 93) and the seeds are the officinal parts. They contain a peculiar 
alkaloid called Colchicia, which seems to be analogous to Veratria. 
Colchicum in large doses acts as a narcotico-acrid poison. In medi- 
.^ipal doses, in the form of extract, vinegar, tincture, and wine, it is 
used in the cure of gout and rheumatism. It is sedative, cathartic, 
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and diaretic. The rhizome of FenUrum album, the White HeDebore 
of the Greeks, is an irritant narcotic poison, its properties being due 
to the presence of an alkaloid called Veratria. It has been used as 
an emetic and purgative, especially in mania, and it has been adminis¬ 
tered as a remedy for gout. Cevadilla is the fruit of Hdonias or 
Asaijrcea o^nalis, as well as of Veratrum Sabadilla. The fruit and 
seedi contain the alkaloid veratria in combination with a peculiar 
fatty acid called cevadic or sabadillio acid. Cevadilla is used in cases 
of neuralgia and rheumatism. 

1081. Order 198.—the Gilliesia Family, (d/ono* 
pa igyn.) Perianth 6-parted, sometimes 5-parted by cohesion of two 
of the pieces, in a double row; the outer, petaloid and herbaceous; the 
inner, smaller, and more coloured; {estivation twisted. Stamens in a 
double series; outer whorl sterile, in the form of a 6-toothed urceolate 
body, or of scale-like bodies, one of which forms a sort of labellum ; 
inner whorl of six stamens, of which three are sometimes sterile. 
Ovary superior, 3-celled ; style 1 ; stigma simple. Fruit a 3-celled, 
3-valved capsule, with locuiicidal dehiscence. Seeds numerous, at¬ 
tached to the axis; spermoderm black and brittle; embryo curved 
in the midst of lleshy albumen.—Herbs with tunicated bulbs, gi'ass- 
hke leaves, and umbellate spathaccous flowers. Natives of Chili. Their 
properties unknown. The descrijition of the flower is in accordance 
with Arnott’s view, and differs from tliat of Lindley, who considers 
the perianth as bracts, and the outer verticil of stamens as the perianth, 
'i'here ,are 2 genera and 5 species. Examples —Gilliesia, hliersia. 

1082. Order 109.—romcderiaceir. the Pontederia Family. (Mono- 
perigyn.) Perianth tubular, coloured, 6-parted, more or less irregular; 
tcsiivation circiaate. Stamens 3-6, i)t'rigynous; anthers introrse. 
Ovary free, or slightly adherent, -O-celled ; ovules numerous, anatropal; 
style 1; stigma simple. Fruit a S-celled, 3-vaIved capsule, with 
locuiicidal dehiscence. Seeds 00, attached to a central axis; testa 
membranous; hilum small; embryo straight, in the axis of somewhat 
mealy albumen; radicle next the hilum. Aquatic or marsh plants 
with sheathing, parallel-veined leaves, which are sometimes cordate or 
sagittate, and have inflated petioles. The flowers are spathaceous. • 
They are natives of North and South America, East Indies, and Africa. 
Their properties are unimportant. There are 6 genera, according to 
Lindley, and SO species. Examples —Pontederia, Leptanthus. 

1082. Order 200.—Xyridacew, the Xyris Family. (Mono-perigyn.) 
Perianth 6-parted, in two verticils; the outer glumaceous, the inner 
petaloid. Stamens 6, 3 fertile, inserted into the claws of the inner 
perianth.; anthers eitrorse. Ovary single, 1-celled; ovules 00, ortho- 
tropal, attached to parietal placentas; style trifld; stigmas obtuse, 
multifid or undivided. Fruit a 1-celled, 3-valved capsule. Seeds 
numerous; embryo on the outside of mealy albumen, remote from 
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the bilum.—Herbs having a sedge-like aspect, with radical leaves, equi- 
tant and sheathing at the base, and scaly heads of flowers. Natives 
chiefly of tropical regions, having no important properties. There are 
about 6 genera, and 70 species. Exampks —Xyris, Abolboda, Phily- 
drum? 

1084. Order 201.—Junravcie, the Rush Family. (Mono-hypo- 
perigyn.') Perianth 6-parted, more or less glumaceous. Stamens G, 
inserted into the base of the segments, sometimes 3, and opposite the 
outer segments; anthers 2-celled, introrse. Ovary 1-3-celled; ovules 
1, 3, or many in each cell, anatropal; style 1; stigmas generally 3, 
sometimes 1. Fruit a 3-valved capsule, with loculicidal dehiscence, 
sometimes indehiscent. Seeds with the testa neither black nor crusta- 
ceous; embryo very minute, near the hilum, within fleshy or cartila¬ 
ginous albumen.—Herbs with fasciculated or fibrous roots, hollow, 
grooved, or flat leaves, with parallel veins. They are natives chiefly 
of the colder regions of the globe. Many species of Juncut are used 
for making the bottoms of chairs, mats, &c., and the central cellular 
tissue forms the wicks of rushlights. There are 14 known genera, and 
upwards of 200 species. Examples —Juncus, Luzula, Narthecium, 
Astelia. 

1085. Order 202.—Pnimw, the Palm Tribe. {Mono-perigijn.') 
Flowers bisexual or unisexual, or polygamous. Perianth 6-parted 
in a double row (fig. 757); 3 outer (caly.x) fleshy, or leathery and 
persistent (figs. 752 c e, 756 c), 3 inner (corolla) often larger (fig. 
752 c i), and sometimes deeply connate. Stamens 6 (figs. 753, 757), 
rarely 3, sometimes 00, inserted into the base of the perianth. Ovary 
free, 1-3-celled, usually composed of 3 carpels, which are more or less 
cony)letely united (tig. 755); ovules 1-3. Fruit drupaceous, or nut- 
like (fig. 756), or baccate, often with a fibrous covering. Seed with 
cartilaginous or homy albumen (fig. 520), which is often ruminate 
(fig. 497), or furnished with a central or lateral cavity; embryo small, 
cylindrical, or flat, in a cavity of the albumen, remote from the hilum 
(figs. 497, 520).—Arborescent plants (fig. 115, 1), with simple, rarely 
branched (runks, marked with the scars of the leaves, which are ter¬ 
minal, pinnate, or fan-shaped, with plicate vernation, and parallel 
simple veins, and often spiny petioles. Flowers on a terminal, often 
branched spadix, enclosed in a 1- or many-valvcd spatha. Natives of 
tropical regions chiefly, and imparting to them much of th^ botanical 
jAysiognomy. Most of them have unbranched stems, attaining some¬ 
times a height of 1 90 feet, and sending out clusters of large leaves, from 
the axil of which bunches of flowers proceed. Although the flowers 
are small, stiU the inflorescence, taken collectively, has often -a most 
impoROg aspect. Humboldt describes their effect on the landscape 
in glowing colours, and Martins has illustrated the order by splendid 
delineations. linnaens called them the Princes of the Vegetable 
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Kingdom. Lindley states that there are 73 known genera, and 400 
species; but this estimate probably falls short of the total amount, f>r 
much still remains to be done in the elucidation of the species. 





Martins estimates the known species at 582, of which 91 have fan¬ 
shaped leaves, 'i'hey have been divided by him into various tribes, 
depending chiefly on the nature of the ovary, ovules, and fruit; and 
sections are formed according as the leaves are pinnate or fiabelliform,* 
and the stems are spiny or not. The following are the tribes:—!. 
Areoinese, the Betel-nut tribe. 2. Lepidocaryina;, the Sago tribe. 3. 
Borassinm, the Palmyra Palm tribe. 4. Coryphinae, the Talipot and 
Date tribe. 5. Cocoin®, the Coco-nut tribe. Examples —Areca, 
Euterpe, Caryota; Lepidocaryum, Calamus, Sagus; Borassus, I^odoi- 
cea; Corypha, Livistona, Phmnix; Cocos, Elais, Acrocoraia; Phyte- 
lephas. 

1086. The properties of the plants of this order are very various. 
In the countries in which they grow, they are used for supplying food, 

ngB. 758-760.—Organs of fructlflcallon of Aroca Catechu, Betcl-nnt Palm, to iliustiatc the 
natural order Pa^pa', • 

Fig. 76S.-rnCTpanded flowcr-bnd. e e, Ontcr dirislon of the perianth r i, Inner perianth. 

Fig 76a— Uiasrani of the flower, ahowlng the two verticils of the perianth, the sis stamens, 
and three abortive carpels, a, The position of the ails of Inflorescence In reference to tha 
flower 

Fig. 754.—A flower deprived of its perianth, in which the stamens, e, are partly abortive, whUa 
the ovary, o, la developed, s. Stigma. 

Fig. 766.—Diagram of the last flower, ahowlng the double perianth, the parlially abotUva 
atameuA and the 8-eel!od ovary. «, Asia of infloreaccnce. 

Fig. 75tl.—Fruit,/, surrounded at Ita base bv tte perkstent perianth, c. 

Fig. 7.57 —Flower of Char serops hamiU^ Enropeaa Fan-Paun, seen from above. Theta arealz 
divisiona of the perianth, eiz atamena, and the ovary. 
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and for forming habitations. The fruit of some is eatable, ■while that 
of others is extremely hard. Many supply oil, wax, starchy matter, 
and sugar, which is fermented so as to form an intoxicating beverage. 
Their fibres are employed for ropes, and the reticulum surrounding 
their leaves is sometimes manufactured into brushes. 

The Palm of the Bible, seems to be Phoenix dadi/lifera, the 
Date, the drupaceous fruit of which supplies food to many of the in¬ 
habitants of Arabia and Africa. Cocos mci/era (fig. 115,1), the Coco¬ 
nut Palm, is one of the most useful, supplying food, clothing, materials 
for houses, and utensils of various kinds, ropes and oil. The sugar 
procured from it is called Jagery, and is fermented so as to form arrack. 
The fibrous part of its fruit is manufactured into Coir-rope. Tine 
wood of the Coco-nut Palm is known by the name of porcupine wood. 
The terminal bud of the Coco-nut Palm, as well as that of Euterpe 
montana, the Cabbage Palm, are used as culinary vegetables. The 
Double Coco-nut of the Seychelles islands is produced by Lodoicea 
Seychellarum. The palm-oil imported from the west coast of Africa is 
obtained by bruising the fruit of Elais guineensis and mdanococca. 
The oil-bearing palms are in the tribe Cocoinae. The Betel-nnt is the 
produce of Areca Catechu, and from it an extract is prepared of an 
astringent nature resembling Catechu. The seeds or nuts form an 
ingredient in the Eastern masticatory called Pan or Betle, and which 
seems to owe its stimulating properties to the leaves of the Piper Betel. 
Sago, and starchy matter allied to it, is obtained from many Palms. 
It is contained in the cellular tissue of the stem, and k separated by 
bruising and elutiiation. Pine Sago is said to be procured from Me- 
Jroxylori lace, a native of Borneo and Sumatra; Sngus Rumphii or 
farinifera, a native of Malacca; and Saguerus Rumphii or saccharifer, 
which is found in the eastern islands of the Indian Ocean. After the 
starchy matter is washed out of the stems of these Palms, it is then 
granulated so as to form sago. A single tree, it is said, will yield 500 
to 600 pounds. The la-st-rnentioned Palm also furnishes a large supply 
of sugar. Sago, as well as sugar and a kind of Palm-wine, are pro¬ 
cured from Cayota wens. The date sugar of Bengal is the produce 
of Pkomix eylvetAris, Ceroxylon or Iriarlea Andicola yields wax, which 
forms a coating over its trunk. Cupernicfa cerifera, Carnahuba Palm, 
is another wax palm. Its tiuuk-i arc imported inNi Britain, and have 
been used for veneering. It is much used in the northiem parts of 
Brazil, as at Aracaty, for thatch, hats, packsaddles, stakes, and palisades. 
The wax is procured by shaking the leaves, which have a glaucous 
bloom. Each leaf will yield fifty grains. A reddish resinous matter 
is yielded by Calamus iJraco. It is one of the substances called Dra¬ 
gon’s-blood, and is used for colouring. The whalebone-like bristles 
Which surround the base of the leaves of some species of Bogus wvd 
Saguerus are used for brushes. The thinner stems of Palms, as of 
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Calamus Sciptonum and Eofang, are used as canes under the name of 
Battans. Calamus Rudentum, the Cable Cane, a native of the East 
Indies, Cochin-China, and the Moluccas, grows sometimes to the length 
of 500 feet. The fruit of Attaka Juni/era is known by the name of 
Coquilla-nuts, and its hard pericarp is used for making umbrella- 
handles, &C. It seems to supply a fibre used in manufacture under 
the name of Piassaba. The hard albumen of Phylelephas tnacrocarpa 
is used in the same way as ivory. Hence the plant is called the 
Ivory Palm. The spatha of Mcmicaria saccifera comes ofi' in the form 
of a conical cap, and is used as a covering for the head in the West 
Indies. Chamoerops humdis is the only European species of Palm. It 
is able to stand the climate of this country with slight protection during 
winter. A specimen in the Edinburgh Botanic Garden has lived in 
the open air for years. It is covered with matting during winter. 
The Doom-palm of Egypt {Ht/phcBne tkebaica) has a trunk which 
divides in a dichotomous manner. Its pericarp is used as food, and 
has the taste of gingerbread. Acrocomia sclerocarpa is the Macahuba- 
palm of Brazil; Mauritia vinifera is the Buriti-palm, the stem of 
which, when perforated, yields a reddish juice, having the taste of 
sweet wine. The following Palms have flowered in the Edinburgh 
Botanic Garden—various species of Chamcedorea, Euterpe nontana^ 
Chamarops humilis, C. Palmetto, Livistona chimnsis, Harinn cary- 
otoides, Areca triandra, Sabal umbracidtfera, Plumix sylvestri?, Cary- 
ota urene, C. aobolifera, Seaforthia ekgans, Rhapk Jlabelliformis, Calamus 
Wigktii, Datmoncus elongatus. 

1087. Order 203.—CommeiriiacMBt the Spider-wort Family. 
(Mono-hypogyn.) Perianth in 2 verticils; outer (calyx) herbaceous 
and tripartite ; inner (corolla) petaloid, tripartite or trifid. Stamens 
6 or fewer, hypogyuous, some of them occasionally abortive or de¬ 
formed ; anthers introrse. Ovary 3-celled; ovules few in each cell; 
style 1; stigma 1. Fruit a 2-3-celled, 2-3-valved capsule, with 
loculicidal dehiscence. Seeds often in pmrs, with a lateral and linear 
hilum; embryo pulley-shaped, antitropal, in a cavity of fleshy al¬ 
bumen, remote from the hilum.—Herbs with flat narrow leaves, 
wliich are usually sheathing at the base. Natives chiefly of warm 
climates. Some have fleshy rhizomes, which are used for food. 
Tradeacantias, Spider-worts, have moniliform staminal hairs, in which 
a micro8copio»movement of granules is seen (tig. 225). Genera 17, 
species 264. Examples —Commelyna, Tradesoantia, Mayaca. 

1088. Order 204.—AUnmeew, the Water-plantain Family. (Mono- 
5ypog.) Perianth in 6 divisions and 2 verticils; outer whorl usually 
herbaceous; inner usually petaloid; sometimes the perianth is want • 
ing, Stathens definite or 00, hypogynous; anthers introrse or extrorse; 
ovaries 8, 6, or more, distinct or united; ovules erect or ascending, 
solitary or in pairs. Styles and stigmas equal to the number of car- 
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pels. Pniit of several dry, indehiscent oarpidia. Seeds 1-2 in eacli 
carpel, exalbuminons (fig. 525); embryo straight, or curved like a 
horse-shoe; radicle next the hilum.—Plants growing in flowing or 
stagnant water, usually with a creeping rhizome, parallel-veined leaves, 
and hermaphrodite or unisexual flowers. Natives both of tropical and 
temperate regions. The limits of the order are not well defined. 1 1 
has been divided into two suborders:—1. Alismese, inner perianth 
petaloid, anthers introrse, embryo curved or hooked. 2. Juncagine®, 
inner, perianth herbaceous, sometimes perianth 0, anthers extrorse, 
embryo straight, plumule coming through a slit in the embryo (fig. 
504). They have few important properties. Some are acrid, others 
have eatable rhizomes. Various Brazilian Sagittarias are very 
astringent; their expressed juice being employed in the preparation 
^ ink. There are 5 known genera, and about 70 species. Examples 
—Alisma, Sagittaria; Triglochin, Scheuchzeria. 

1089. Order 205.—Bnivmaeew. the Flowering-rush Family. {Mono- 
hppog.) Perianth of 6 parts, in 2 verticils (fig. 381, 2) ; outer usually 
herbaceous; inner petaloid. Stamens definite (fig. 381, 2, eo, ei), or 
00, hypog 3 mous. Ovaries 3, 6, or more, distinct or united, l-cellcd 
(fig. 881); ovules 00; stigmas simple, as many as the carpels. Fruit 
consisting of several follicles, which are either distinct (fig. 393) and 
beaked, or combined. Seeds 00, minute, attached to the whole inner 
surface of the pericarp (fig. 394), exalbuminous; embryo often curved 
like a horse-shoe; radicle next the hilum.—Aquatic plants, often 
lactescent, with paralled-veined leaves, and frequently umbellate 
flowers. They are chiefly found in northern countries, and some of 
them have acrid and bitter properties. Bvtomus umbellatus, Flower¬ 
ing-rush, is the only British plant in the class Enneandria of Linn®u.s. 
Bindley gives 4 genera, including 7 species. Examples —Butomus, 
Limnocharis. 

c. Floioers incomplete, often, vnieerunl, rvilhoeit a proper periarAh, or 
with a fev) verlicillate scales. 

1090. Order 20C. —PRa<iaiiRr«», the Screw-pine Family. (Mono- 
hypogl) Flowers unisexual or polygamous, covering the whole ol the 
spadix. Perianth 0, or a few scales. Male flowers: stamens numer¬ 
ous ; filaments with single anthers, which are 2-4-cellecL Female 
flowers: ovaries 1-celled, united in parcels; ovules solitary or numer¬ 
ous, anatropal; stigmas sessile, equal to the carpels in number. Fruit 
either fibrous drupes collected into parcels, or berries. Seeds solitary 
in the dmjjes, numerous in the berries ; embryo at the base of fleshy 
albumen; radicle next the hilum.—Trees or bushes, sometimes with 
adventitious roots (fig. 115, 2), long, imbricated, amplpxicaul leaves, 
usually with spiny margins and backs. Natives of tropical regions. 
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The order is subdivided into two sections;— 1. Pandaneee, undivided 
leaves and no perianth. 2, Cyclantheae, fan-shaped or pinnate leaves, 
flowers with a few scales. There are 7 genera, according to Lindley, 
and 75 species. Examples —Pandanus, Freycinetia; Cyclanthus, 
Carludovica, Nipa. 

1091. The flowers of some of the plants are fragrant, and their seeds 
are sometimes used as food. The juice has in some instances astrin¬ 
gent properties. The species of Pandanus are remarkable for their 
aerial roots, vrith large cup-like spongioles. These roots are sent out 
regularly from all parts of their stems, and appear like artificial props 
(fig. 115, 2). Their spermoderm has numerous raphides. Their 
leaves are arranged in a spiral manner in three rows, and in thdr 
aspect they have some resemblance to those of the pine-apple—hence 
the name Screw-pine. Pandanus Candelabra is the Chandelier-tree 
of Guinea, and is so called on account of its mode of branching. 

1092. Order 207.—Amceie, the Arum Family. {Mono-hypog.) 
Flowers generally unisexual, rarely bisexual, enclosed within a spatha, 
and usually on a spadi.x (fig. 239), having male flowers at its upper 
part, female below, and abortive flowers between them (fig. 239, 2). 
Perianth either 0, or in the 5 flowers rudimentary and scaly. Stamens 
definite or OO, hypogynous; anthers e.xtrorse. Ovary free, 1- 3- or 
more celled; ovules solitary or numerous; style short or 0 ; stigma 
simple. Fruit succulent or dry, indehiscent, one - very rarely three- 
celled ; seeds one or several; embryo in the axis of fleshy or mealy 
albumen, sometimes with a lateral cleft for the plumule ; radicle usually 
next the hilum.—Herbaceous or shrubby plants, often with tubers or 
creeping rhizomes, leaves sheathing at the base, and having parallel 
or branching veins (fig. 239, 1). They occur in dry and marshy places, 
and in lakes in various parts of the world, abounding in the tropics. 
Tlie order has been divided into four suborders:—1. Arinem, Cuckoo- 
pint tribe (fig. 239); naked flowers with a spadix and spatha, $ $, 
anthers sessile, ovules several, fruit succulent, seeds pulpy. 2. Ty- 
phineac. Bulrush-tribe; marsh or ditch plants, with nodeless stems, 
flowers S 2 , with a scaly or hairy perianth, arranged on a spadix with¬ 
out a spatha, anthers wedge-shaped on long filaments, ovule solitary, 
fruit dry, seed with adherent pericarp. 3. Acorese, Sweet-flag tribe; 
flowers 5 , having usually a scaly perianth, arranged on a spathaceous 
spadix, ovules 1 or more, fruit a berry. 4. Pistiea;, Duckweed tribe; 
flowers S 2, naked, enclosed in a spatha without a spadi.x, ovary 
1-celled, ovules 2 or more, fruit membranous or capsular. The order 
includes 47 genera, and 273 species. Examples —Arum, C-'ifadium, 
Colocasia, Calla; Typha, Sparganium; Acorus, Orontium, Pothos; 
Pistia, Lemna. 

1093. The general property of the order is acridity. Sometimes 
the plants are dangerous irritant poisons. In some instances the 
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rhizomes yield mnch starchy matter, and when boiled or roasted, are 
used as substitutes for yams, under the name of Coco. The starch 
may be separated and used as Arrow-root, Thus, Portland Sago is 
prepared from the rhizome of Arum maculatum, common Cuckoo-pink, 
or Wake-Robin. Diejfenhachia seg^dna (Caladium seguinwn), is called 
Dumb-oane, on account of the swelling of the tongue caused by 
chewing the plant. Many of the plants of this order give out heat in 
a marked degree during flowering 475). Some send out aerial 
roots, by means of which they climb upon trees. DracorUiumpertusum 
has perforated leaves (f 137). Sgmplocarpus faetidus, Skunk-cabbage, 
has a very disagreeable odour. Its rhizome and seeds have been used 
as antispasmodics. Richardia africana, with its white spatha, is com¬ 
monly cultivated under the name of .Ethiopian Lily. The root-stock 
of Acorus CalamuSi Sweet-flag, has an aromatic odour, combined with 
a bitterish acrid taste. It has been used as a stimulant and tonic. In 
Typha lati/olia, Great Reed Mace, the pollen is abundant and easily 
collected, and from its inflammable nature has been used as a substi¬ 
tute for the Lycopodium spores. The young shoots of T. latifolia and 
angusdjolia are eaten by the Cossacks like asparagus. The large, fleshy, 
amylaceous rhizomes £ire eaten by the Kalmucks. Lemnos, Duckweeds, 
are common in ditches in temperate regions. Their flowers are very 
simple, one male, and the other female, without a perianth, enclosed 
in a membranous bag; their roots are simple fibi^, covered with a 
sheath. Fistia Slratiotes floats in lakes in tropical countries. 

1094. Order 208.—Naiadacea or PotamesE, the Naias or Pondweed 


Family. (Mono-kypog.) Flowers hermaphrodite or unisexual. Pe¬ 
rianth of two or lour herbaceous or scaly pieces, often deciduous, 
sometimes 0. Stamens definite, hypogynous. Ovary free, of one or 
more carpels; ovule solitary; style 1 or 0; stigma 
entire, rarely 2-3 parted. Fruit dry, 1-celled, 
' usually indehiscent. Seed solitary, erect, or pendu- 
lous, exalbuminous; embryo straight or curved, 
usually with a lateral slit for the plumule (fig. 758) ; 
radicle large (figs. 499, 758).—Plants living in 
fresh and in salt water, having cellular leaves with parallel veins and 
inoonspicuous flowers, 'fhey are found in various parts of the world. 
They have no properties of importance. Zostera marina is used in 
the dried state for stuffing mattresses, and has been recommended for 
hospitals. Ouvirandra {Hydrogeton) fenestralis has peculiar skeleton¬ 
like leaves (fig. 131). Aponogeton (Uatachyum, a Cape aquatic, has 
grown well for many years in the open pond of the Edinburgh Botan¬ 
ical (Harden. CauUnia fragilis is one of the plants in which Rotation 
has" been observed. There are 19 known genera, and upwards of 70 


Fig. 758.—Emt »70 of ZooterE, in th© natnr^ or<!«r Naiadarese e, Cotyledon, r. Radicle. 
b. Late ral swellloff connected with the radicle. /, SUt for the plumnl^ which Uee in a cavity of 
|he retry large ra^de 
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•pecies. ExamjiUs —Naias, Zannichellia (fig. 505), Potamogeton (fig 
130), Euppia, Zostera. 

1095. Order 209.—BesUacoB, the Eestia or Cord-rush FamDy. 
(Mono-perigyn.) Flowers frequently unisexual. Perianth glumaceons, 
sometimes 0. Stamens definite, perigynous, when two or three in 
number opposite the inner glumes; anthers usually 1-celled. Ovary 
1 or more celled, sometimes composed of several carpels; ovules soli¬ 
tary, pendulous; styles and stigmas 2 or more. Fruit capSular or 
nucumentaceous. Seeds pendulous; embryo lenticular, outside mealy 
albumen, remote from thehilum.—Herbs or undershrubs, with narrow 
simple leaves or none, naked or sheathed culms, and spiked or capi¬ 
tate, bracteated flowers. They are found chiefly in America and 
New Holland. They have few properties of importance. The tough 
wiry stems of WiUdenovia teres and some liestias, are used for making 
baskets and brooms. Eriocaulim septangulare is a native of Britain, 
being found in the Isle of Skye, as well as in the west of Ireland. In 
Brazil there exist branched Eriocaulona six feet high. In 1764, 
Linnaus described only 5 species of Eriocaulon in all the world, while 
Gardner collected in Brazil 100 species. The Diamond districts of 
Brazil are great centres of Eriocaulona. There are according to 
Bindley, 36 genera, and 286 species. Examples —Eestio, Centrolepis, 
Eriocaulon. 

Sabclass 3.—GLUMiVRRiE. 

1096. Flowers glumaceous, consisting of bracts or scales, which are 
imbricated, and not arranged in true verticils. Leaves with parallel 
veins. 

1097. Order 210.—Crperacew, the Sedge Family. (Mono-hypog.) 
Flowers hermaphrodite or unisexual, generally without a perianth. 
Each flower furnished with a solitary bract (glume or scale). These 
bracts are imbricated upon a common axis, and the lowermost are 
often empty. Occasionally they enclose two or three opposite mem¬ 
branous bracts or glumes. (In the female flower of Carex, the two 

' inner bracts receive the name of Perigynium.) Stamens hypogynous, 
definite, 1-12; anthers dithecal, innate. Ovary 1-ceiled, 
often surrounded by hypogynous bristles (setee) which 
^ are probably abortive filaments ; ovule erect, anatropal; 
olK single, 2-3-cleft; stigmas undivided, sometimes bifid. 

f Fruit a crustaceous or bony achaenium or nut (fig. 519); 
embryo lenticular, enclosed within the base of fleshy or 
ikrinaceous albumen (fig. 519 «) ; plumule inconspicuous 
(fig. 759).—Grass-like herbs with fibrous roots. Their 
stems are solid, often without joints, sometimes creeping 

FIb. ;.'i 9 - Embryo of Carex depauperata, aoparatod to eliow the etroclore of ttfat body iB tb* 
iiuial order Qrperaoeai r, fiadldet c a, Cotyledon. /, Slit for the ploaiole. 
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(fig. 91), frequently angular. The leaves are narrow, and their 
sheaths are entire, not slit. They are found in all quarters of the 
globe, and in various localities, from the sand on the shore, to the 
tups of the mountains. Many of them occur in marshy ground. 
Lindley enumerates 112 genera, including 2,000 species. Examples — 
Cyperus, Eriophorum, Scirpus, Fuirena, Cladium, Schcenus, ^leria, 
Elyna, Carex. 

1098. None of the plants of the order possess important medicinal 
qualities. The creeping stems of Carex arenaria, disticha,- and hirta, are 
diaphoretic and demulcent, and have been used in medicine under the 
name of German Sarsaparilla. Papyrus antiquorum is the Papyrus of 
the Nile, the cellular tissue of which was used in the manufacture of 
paper. Some say that the word twj in the Bible, translated Bulrush, 
is either the Papyrus or a species of Cyperus. The word riiljt has 
been translated Paper-Reeds. The species of Eriophorum are called 
Cotton-grass, on account of the woolly-like substance which is attached 
to the base of the ovary. Some species of Cyperus have tubers at the 
lower part of their stems, which are used as food. The roots of Cy- 
petvs longus have been used as bitter and tonic remedies, while those 
of C. odoratus are aromatic. Some species of Scirpus are used for 
making chair bottoms. Some of the Carices, with their creeping 
stems, tend to bind together the loose sand on the sea-shore. 

1099. Order 211.—Graminea, the Grass Family. (Mono-hypoffyn.) 
Flowers usually sometimes unisexual or polygamous; 1, 2, or 
more (some occasionally abortive), are attached to a common axis, 
and enclosed within bracts, the whole together forming a locusta 
or spikelet (figs. 760-762). The outer imbricated bracts are called 
glumes; they are usually 2 (figs. 760, 761 ge g i), sometimes 1, 
rarely wanting, and often unequal. They are either awned (aristate) 
or awnless (muticous). The bracts enclosed within the glumes are 
celled palete or glumell®; they immediately enclose the stamens, are 
usually 2, the lower being simple, and the upper being formed of 
2 united by their margins (fig. 761 p « pi). The innermost set of 
bracts consists of two or three hypogynous scales (sqtramulse, glumel- • 
lulae, or lodioulae), which are either distinct or combined (fig. 763 p), 
and are sometimes wanting. Stamens hypogynous, 1-6 or more; 
anthers dithecal, versatile (figs. 337, 763 e). Ovary simple (fig. 763 o ); 
ovule ascending, anatropal; styles 2 (fig. 763) or 3, sometimes united; 
stigmas feathery or hairy (fig. 410, 763 a s). Fruit a caryopsb (fig. 
467). Seed incorporated with the pericarp; embryo lenticular, lying 
qn one side of farinaceous albumen (fig. 495), near its base (figs. 764, 
765); endorhizal in germination (fig. 124).—Herbaceous plants, 
with cylindrical, hollow (fig. Ill), and jointed stems, called culms; 
alternate leaves, with a split sheath and a membranous expansion at 
the junction of the petiole and blade, called a ligule (fig. 194), the 
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collections of flowers (locustse) being arranged in spikes, racemes, or 
panicles. 

Discussions have arisen as to the true nature of the paleee in 



grasses. Brown thinks that the upper palea is composed of two 
parts muted, whOe the inferior palea is the third part. The arrange- 

RgB. 760-765.—OrpranB of fructlflcati n of Arena satlva, common cultivated Oat, to illostrate 
the natural order Graiuineie. 

FIr. 7G0—Spllteict of the Oat* a, Axis of Inflorescence or rachia. Exterior or lower 
gl^e. ^ t, Inner or upper glume. //, Inferior fertile flower, /«, Tn o upper abortive ^wera 
A J, aame splkoU‘t with the envelopes separated to show the inlcni^ parta a a, 

of muores^ce. (?«, Outer glume. 1 . Inner glume d e. Outer palea of the fertile flower, 
H^h Its awn (arista), h i, Inner ^lea, cleft at the apex, and apfarently formed hv tno united, 
consisting of the ovary, and two atylea /a. Two abortive flowers, 
—.tv®" of the spikelet g e. Outer glume, g t, Inner glume. i> e. Outer palea 

with a^; the luner palea being opposite, e, Stamens, o. PlsuL IL Scales or lodlcolft^ 
4, Barren flowera ’ 

t ig. 7^. —Fertile flower deprived of glumoa and paleso. e» Three stamens with versatile 
cleft anthers, p. Scales (squamas or lodlcuhv) partially united, o. Ovary ultimately forming 
tiie grain, which conslsta of pericarp and seed combined. < i. Two stjles with feathery 
•ligmaa 

Fig. 784.—Vertl^l section of the Car>'optd8 (firuit or grain), with the upper portion efU olT. 
tt lutegnmeats of the caryopals and of tl.x: seed united. pp» Fcrisncnn. a, Embrya r.Badlcle. 
€ a. Cotyledon. /, Slit corresponding to the iiluniule. 

Fig 765.—Embryo separated, r, Eadiae. e o. Cotyledon, A Slit corresponding to thf 
plumule , ■' 
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iripnt is thus trimerous. find bears a relation to the scales or lodicnlfo. 
Mohl, on the other hand, states, that the inferior palea is not on a 
level with the other, and is in fact a bract from which the other is 
developed. From their alternate position, the parts of the flowers 
of grasses are in general looked upon as bracts, rather than as parts 
of a true perianth. The following may be given as a general view of 
the parts of the flower. 

1. Onter envelope: One or two glumes, the calyx of some anthon, containing one or 

more flowers, with distinct insertions on a common axi& When one glume is 
suppressed it is the exterior or lower. 

2. Inner envelope: One or two palese, corolla of some antbors, calyx of Jussien. 

Inner or U|i or pislea sometimes suppressed. This palea (valve) consists usually 
of two conflui'.it t alves, as shown by two ribs equidistant tmm the axis. Ilence 
this envelope is, according to some, a ternary perianth. 

8. Squamulte (scales, lodicube, or glumellulte), occur within the last envelope, and 
at the base of the ovary. 

Grasses are found in all quarters of the globe, and are said to form 
about j'j part of known plants. In tropical regions they sometimes 
assume the appearance of trees. They generally grow in great quantity 
together, so as to receive the name of social plants. The order has 
been divided into numerous sections, founded on the number of flowers 
in a spikelet, their hermaphrodite, unisexual, or polygamous nature, 
the number and form of the different sets of bracts, and the nature of 
the fruit. Lindley enumerates 291 genera, including about 3,800 
species. Examples —Oryza, Zea, Phalaris, Panicum, Stipa, Agrostis, 
Arundo, Ecbin.aria, Cbloris, Avena, Bromus, Festuca, Bambnsa, 
Lolium, Triticum, Hordeum, Nardus, Rottboellia, Andropogon, Sac- 
chttrum. 

1100. Tills is one of the most important orders in the vegetable 
kingdom, whether we regard it as supplying food for man, or herbage 
for animals. To the former division belong the nutritious cereal grains, 
as Wheat {Triticum), Oats (Avena), Barley (Hordeum), Rye (Secale), 
Rice (Oryza), Maize (Zea), Guinea-com and Millet (Sorghum and 
Panicum)-, to the latter, the various pasture grasses, as Rye-grass 
(Lolium), Timotliy-grass (Phleum), Meadow-grass (Poa), Cock’s-foot- 
grass (Dadylis), Sweet-Vernal-grass (ArUhoxanthu/m), Fescue (Festuca), 
Dog’s-tail-grass (Cynosurus), &c. The grains of many other grasses 
are used for food. Zizania aquatioa supplies a kind of rice in Canada, 
Saaria gennantca yields German millet, Panicum miliaceum gives a 
kind of millet in India, and Andropogon Sorghum has been sent to this 
country under the name of Durra, an Indian grain. Phalaris cana- 
rieritis is the source of the common Canary seed. The cereal grains 
have been so extensively distributed by man, that all traces of their 
native country are lost. They seem to be in many instances examples 
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of permanent varieties or races kept up by cultivation ; some say 
that wheat is a cultivated variety of jEgilops ovata. Their grain 
or caryopsis contains a large amount of starch (figs. 35, 36) and gluten. 
The grasses used for fodder in some parts of the world attain a large 
size, such as Antfiistiria auitralia, the Kangaroo-grass of New Holland, 
Tripsacum daciyloides, the Glama-grass of Mexico, and Daclylis easpi- 
tosa, the Tussac-grass of the Falkland islands. Some of these are five 
or six feet in height, and are, nevertheless, suflSciently delicate to be 
used as food for animals. The Tussac has been introduced into this 
country, and it thrives well in peaty soils within the influence of the 
sea spray. 

1101. Sugar is a valuable product obtained from many grasses. It 
has been procured in Italy from Sorghum saccharatum, sweet Sorgho; 
in China, from Saccharwn ginense; in Brazil, from Oynerium saccha- 
roides; in the West Indies, from Saecharum violaceum; and in many 
other parts of the world, from S. officinarum. The last two are com¬ 
monly known as Sugar-cane, and they are generally considered as 
varieties of a single species, Saecharum ojidnarum, which is now widely 
spread over various parts of the world. Six or eight pounds of the 
saccharine juice of the plant yield one pound of raw sugar. 'Ihe fol-, 
lowing were the imports of unrefined sugar into Great Britain in 
1859:— 


British West Indies and Gniana.3,215,22.3 cwts. 

Mauritius.1,1.30,.‘J86 — 

British Kaat Indies. 877,971 — 

Java and Philippine Islands. 47G,091 — 

Cuba, Porto-Rico, and Brazil .2,90S,I48 — 

Other Countries . 383,064 — 


Total.8,988,883 cwta. . 


1102 Some grasses have a very agreeable fragrance. This has been 
remarked in Anthoxanthum odoratum, which is hence called sweet- 
scented vernal grass, and is said to impart the odour to new-made hay. 
Thb odour has been referred to the presence of benzoic acid. A 
fragrant oil is procured from some species of Arulropogon, as A. 
Schasnanthus, Lemon-grass, and A. Calamus aromaticiis, which seems 
to be the nji5, or Hip the Sweet-cane of the Bible. Grasses 
contain a large quantity of siliceous matter in their stalks. This 
is deposited so as to form part of their structure, and in some 
cases it accumulates in the joints. The tabasheer in the joints 
of Bamhusa arundinacea, the Bamboo, is composed of silica. 
This is one of the tree-like branching grasses, which sometimes 
attains a height of fifty or sixty feet It shoots up vdlh gC|a.t. 
rapidity. In the Edinburgh Botanic Garden the young shoots 
attain a height of thirty or forty feet in a few months; and th« 
kte superintendent (Mr. W. M‘Nab) measured, dunng a long summer 
day, a growth of the young stem to the extent of nine intikek. 
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Mwl ^ Itw ^ptcic* of B«»boo lui?e hoHow rtemi, wliidi oOen attain » 
int^es. Gurdner otaitions a large specie* of Ikmboo 
(B. Tymru) btrmg m stem 18 tucbm in dreumfereo^and attaining 
S Mt|^t of dO to 100 feet The touch-paper of the Chinese is made 
from a rariet/ of Bamboo, hv beating the young shoots flat, steeping 
them in a lime pit for a month, and then washing and drying. A kind 
of paper is made from the Bamboo in India. Its young shoots are 
us^ as pickle*. The hollow stems of some reeds in warm climates 
aopply refreshing water to traTcllers. 

1103. The stems of some grasses run under ground, and form a 
acBTt of net-work, which is useful in consolidating the sand of the sea 
shore. Elymm aretmtius and Amtnoplnla {Pmttana) arenaria consti¬ 
tute the Bent and .MaiTam of tlie British shores. This tendency to 
creep under ground renders some gra.sse.s, such as Triticttm rtpeiw. 
Couch-grass, difficult of e.\tirpation. The grains of some grasses are 
used for ornaments. Beads are made from those of Coix Lachrytna, 
commonly called Job’s-tears, from their form and hardness. A few 
grasses, as Bromus purgana and catharticus, have purgative properties; 
and one, Lolium temulentum (in felix lolium), Darnel-grass, is poisonous. 
.Some suppose that it is the tares, of Scripture. The grains 

of Rye, and other grains, are liable to a disease called Ergot, depend¬ 
ing on the attack of a fungus which alters the texture of the ovary, 
and makes it assume an elongated spurred form. The Ergot of Eye, 
or spurred Rye, has a peculiar effect in promoting the contraction of 
the uterus, and is on this account used in medicine. Ergotted lye, 
when regularly used for food, has the effect of causing what has bwn 
called convulsive and gangrenous ergotism, the former disease being 
distinguished by insensibility and convulsions, ending in death; the 
latter by dry gangrene, which attacks the fingers and toes, causing 
slougliing of these parts, and sometimes proving fatal by exhaustion. 
The poisonous effects of Ergot are attributed to the presence of a 
fixed oil. 


8ECT;0N n—CliyPTOGAMOUS flant& 

Ci-jiss III —Acottcedoses, Juu. CEF,i,i'LAr.Ea asd Mono-crtptooamaj, DC. 
TiiALLoruVTA AND AcuofiKYA, Kndlick Tdallogens and Ackooens, Lindt. 

1104. The plants belonging to this class are in some instances 
composed entirely of cellular tissue; in other instances both cells and 
vessels are present. The vascular tissue in the higher orders consists 
partly of closed spiral and scalariform (fig. 62) vessels. Many of them 
have no true stem nor leaves. The moody stem, when present, 
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consists of simultaneous rascular bundles, which increase in an acro- 
genous manner 103). The stem of Tree-ferns (which illustrates 
this class) is unbranched, more or less uniformly cylindrical, hollow in 
the interior, and marked by the scars of the leaves (fig. 116). Stomata 
occur in the epidermis of the higher divisions. Leaves, when present, 
have frequently no true venation, at other times the venation is forked. 
There are no flovoers, and no dbtinct stamens nor pistils. Eeprothction 
takes place in some cases apparently by the union of cells of different 
kinds (antheridia and pistillidia) (f 492), by means of which ger¬ 
minating bodies called spores are formed (fig. 498). In other cases it 
is difficult to trace this process of fertilization. The spore may be con¬ 
sidered as a cellular embryo which has no cotyledons, and geminates 
from any part of its surface, being heterorhizal (^ 591, fig. 530). 

Subclass 1. — ACROOEII.E oa CoBMOGEjia£.* 

1105. Acotyledons, having usually distinct stems and leaves, stomata, 
a certain amount of vascular tissue, and thecse or cases containing 
spores. This subclass corresponds in a great measure with the division 
of Cormopbyta, called Acrobrya by Endlicher, and with the Folios® 
or .JJtheogam® of De Candolle. 

1106. Order 212.— Eqaiseiarea, the Horse-tail Family. Stem 
striated, hollow, usually branched, containing much silica in its com¬ 
position, articulated, the joints being separable, and surrounded by a 
membranous toothed sheath. There are no true leaves, green-coloured 
branches having a straight vernation occupying their place. The 
cuticle exhibits a longitudinal series of stomata. A spiral structure is 
observed in some of the vessels Reproductive organs collected into 
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cones; spore-cases (thecse or sporangia) attached to the lower suituce 
of peltate polygonal scales (fig. 766), and opening by an internal 

* sommit, a stalk or stem, and ‘yisrim, to prodncc. 

Figs. 766-769.—Reproductive organs of Equisetum. to illustrate the natural order Equisetaf^a. 
Fij;. 766.—A peltate or polygonal scale, e, tahrn from the terininiil conc-like fructilitatlou of tui 
EquiMtom- c, Thecce or spore-cases arranged in a verticil on the under surface of the scale, 
p. Stalky which the scale is attached to the axis. 

Fig. 767.—<, Sifore-caoe seen on ite inuer surface, with the sUt or opening by which the sports 
are discharged. 

Fig. 768. —A spore, s, witti the two clavate filaments rolled up In a spiral manner around It 
Fig. 769.—Spore, a with the two filament^ which are clavate at each estre^ty, unroUoa. 
These filaments or elaters are by grometric, and move about under the influence of moistora. 
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longitudinal fissure (fig. 767); spores in the form of rounded cells, 
surrounded by 2 elastic, club-shaped, hygrometric filaments or elaters 
(figs. 768, 769).—Plants with simple or branched stems, the branches 
bemg jointed and placed in whorls at the articulations of the stem, each 
whorl consisting of as many branches as there are teeth in the sheath. 
Found in ditches, lakes, and rivers, in various parts of the world. In 
SouUi America, Gardner measured an Equketum fifteen feet high, and 
three inches in circumference at the lower part of the stem. There b 
only 1 known genus, comprehending about 12 species. Example — 
Equisetum. 

1107. From the quantity of silicic acid contained in them, some of 
the species of Equisetum are used in polishing mahogany. An analysis 
of them is given at f 226. The spiral filaments which surround 
their spores are interesting objects under the microscope, exhibiting 
markea movements according to the moisture or dryness of the atmo¬ 
sphere around them. The stomata are arranged in lines on the 
cuticle. In Equisetum hyemale, often called Dutch Rushes, the sili¬ 
ceous stomatic apparatus is well seen after the action of nitric acid on 
the stem. There are regular rows of tubercles of a siliceous nature, in 
each of which is a transverse fissure, and at the bottom of the fissure 
a stoma is placed, with its opening at right angles to that of the 
tubercle. Each portion of the stoma has a pectinated (comb-like) 
appearance. The distinctions between the species of Equisetum are 
founded on the nature of the fertile and barren stems, the number of 
stri® or furrows, and the number of teeth at the articulations. 

1108. Order 213.— Filice*, the Fern Family. Stem, a rhizome 
(fig. 770), which creeps along or under the surface of the ground, 
emitting descending roots and ascending fronds (leaves), or which rises 
into the air so as to form an acrogenous trunk (fig. 116). This trunk 
(stipe) is of nearly uniform diameter, is hollow in the interior, marked 
on the hard outer rind by the scars (cicatrices) of the leaves, and con¬ 
tains vascular bundles of woody, dotted, and scalariform vessels, which 
are enclosed in hard plates, and are arranged in an irregular manner 
(fig. 117). Sometimes the trunk is dichotomous (fig. 118). The outer 
fibrous covering is formed by the bases of the leaves, and is thicker at 
the lower than at the upper part of the stem. The leaves (fronds) have 
a circinate (g}Tate) vernation (fig. 770 /'/") ; their veins are generally 
of equal thickness, and either simple or dividing in a forked manner 
(fig. 771), or somewhat reticulated, and occasionally stomata occur. 
Reproductive organs, consisting of spore-oases (thecss, sporangia), 
which arise from the veins on the under surface of the fronds (figs. 
770 /*", 771 8, 772), or from their margin. Spore-cases, either 
stalked, with the pedicel passing round them in the form of an elastic 
ring (fig. 773), or sessile and destitute of a ring. The theca some¬ 
times arise from the surface of the frond, while at other times they 
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spring from below, haying a cuticular coTering in the form of an 
indusium or involucre (fig. 771). 
aori (fig. 772). The margin of 
the frond sometimes is folded so 
as to cover the thecse, and at times 
the whole frond b converted into 
clusters of thecae. The subject of 
embryogenio growth in Ferns has 
latterly attracted much attention. 

It is now believed that the 
prothaUium simultaneously bears 
antberidia and archegonia. The 
antheridia occur in the under sur¬ 
face of the prothallium,and con¬ 
sist of cellular papillae, having a 
central cavity. This cavity contains 
free cellules, within each of which 
a ciliated spiral filament or sper- 
matozoid rests. This cavity dis¬ 
charges those cellules by a rup¬ 
ture at its apex. The spiral fila¬ 
ments then burst the cellules, and 
being set free reach the cellular 
body containing the embryo- 
germ, or archegonial cell, em¬ 
bedded in the substance of the 
prothallus. The archegonia are larger than the antheridia, and present 
a canal leading to the germ-cell, which canal remains closed till the 
period when the spermatozoid is matured. Mercklin noticed spermato- 
zoids entering the carnal of the archegonium. After fertilization the ar¬ 
chegonial cell enlarges, developes numerous cellules, and forms the true 
sporangifetious frond of the fern.—Ferns abound in moist insular cli 
mates. They characterize the New Zealand Flora. They are elegant 
leafy plants, occurring chiefly in moist insular climates, and abounding 
in the tropical islands. In mild and warm climates they occur in the 
form of large Tree-ferns, fifty to sixty feet high, which give a char- 

Fijr. 770 —Rhizome of Seolopendiinm officinale, with eeverai fronds 
in dtlferent degrees of development. In f and/", the dreinate or gyrate vern'ition is seen. Iq 
f the linear transverse sort or cltiatars of ^ocs are seen, haviog the appearance of dark line* 
on the lower surface of the frond. 

fructification of Polyutichumangulare, toillustra ethe natural order 

Kg. 771.—Part of the frond seen on the lower surface, p. Two pinnse covered with sorl, s» 
having an Indnaium. r. Raciiis or central stalk of the frond. 

Fig. 772.—One of the soii or clnstcra ot tbec« cut vertically, n. The vein bearing It i, In- 
doslam or fjld of the frond covering it c, Thecee or sporangia (spore-cases). 

Fig. 77S.—One of the thece separated at the period of dehiscence, o, Incomplete anniilos or 
ring, which is ellkUc, and causes transverse dehiscence of the theca f, Stalk of the theuu 4 
Spores dlschargecL 


of thecae are called 
771 



770 778 
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BCter to the landscape. The theca of ferns has been looked upon as a 
modified leaf, having the same gyrate or circinate development as the 
frond. Leaves have occasionally been produced in place of thecae. 
Ferns having the thecae on the back of the frond, and furnished vrith 
an elastic ring or band, are called dorsiferous and annulate; while 
those having no thecal ring are exannulate. 

1109. The order has been divided into several suborders:— 

1. Poh-podiese, thecte on the back of the frond, pedicellate or sessile, distinct, annu¬ 

late, ring vertical, usually incomplete, bursting irregularly and transversely. 

2. Hymenophylle®, thecie marginal or dorsal, nearly sessile, distinct, annulate, ring 

horizontal, complete, occasionally oblique, bursting lengthwise. 

3. Osmundea^ theem dorsal, or forming a separate stalked mass (an altered frond), 

distinct, with a terminal or dorsal ring more or less incomplete bursting length¬ 
wise. 

4. Ophioglossese, thecae collected into a spike, formed at the edges of an altered frond. 

distinct, exannulate, two-valved. 

5. Danmeee, thecae united in masses, exannulate, opening irregularly by a central 

clett. 

The generic characters of Ferns are founded on the position and direc¬ 
tion, covered or uncovered nature of the sori, as well as on the venation. 
Lindley notices 192 genera in his Filical Alliance, including upwards 
of 2,000 species. Kunze estimates the species at 3,000. There are 
not above 700 species cultivated in Europe. In 1846 there were 387 
species grown in the Royal Garden at Kew. Examples —Polypodiiim, 
Aspidium, Lastrea, Grammitis, Adiantum, Pteris, Davallia, Woodsia, 
Cyathea; Hymenophyllura, Trichomanes, Aneimia, Lygodium; Os- 
mnnda; Ophioglossum, Botryohium; Danata. 

1110. Few of the Ferns are used medicinally. They are in general 
demulcent and astringent. Some yield food. The rhizome of Lastrea 
FUix-mas, Male-shield fern, has been used as a vermifuge, especially in 
cases of tape-worm. It contains starch, gum, saccharine matter, tan¬ 
nin, green fixed oil, and resin. Its properties are ascribed to the fixed 
oil. The rhizome has been used for tanning, and its ashes contain much 
carbonate of potash. The syrup called capdlaire, and certain pectoral 
mixtures are prepared from Adiantumpedatum and A. Capilltis Veneris. 
The rhizome of Pteris esculenta is used as food in Australia, and that of 
Marattia alata in the Sandwich islands. Many other species of Ferns 
are esculent. The stems and leaf-stalks of Ferns are often covered 
with scales, and with woolly matter. One (Davallia canariensis) is 
called Hare’s-foot Fern on this account, and another (Aspidium Baromez) 
receives the name of Scythian or Tartarian-lamb, because, when pre¬ 
pared in a particular way, it resembles that animal. 

1111. Order 214.—tHaniieacea, or RbiKocarpes, the Pepperwort 
Family. Stem wanting. Leaves often stalked, with the lamina 
divided into three or more wedge-shaped pieces, sometii^es the lamina 
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is abortive; vernation circinate. Reproductive organs near the root 
or along the petiole, enclosed in an involucre; these organs are of 
two kinds:—1. Stalked or sessile clustered membranous sacs, con¬ 
taining minute granules, which some consider as pollen; hence the 
bodies are called anthers. 2. Membranous sacs, containing cells 
which divide into four, one of which only is developed as a germinating 
body; the sacs have been called ovule-sacs, and the single developed 
cell is considered by some as an ovule which is impregnated by the 
so-called pollen. The thecse are the bodies from which germination 
proceeds —Creeping or floating plants, found in ditches and pools in 
various parts of the world, more especially in temperate climates. 
They are not put to any important use. There are 4 genera, and 
upwards of 20 species. Examples —Marsilea, Pilularia, Salvinia. 

1112. Order 215.—i>Tcopodiacete, the Club-moss Family. Stems 
creeping or corms; annular vessels in the axis. Leaves imbricated, 
more or less setaceous, sometimes subulate. Thecte axillary and ses¬ 
sile, 1-3-celled, opening by valves or indehiscent; often of two kinds. 
One, round, reniform, or crescentic, consisting of antheridian cells, 
with spermatozoids; the. other, called oophoridium (iih, an egg, and 
ipo^toi, I bear), of a roundish or tetrahedral form, opening by two 
valves, and enclosing four large spores capable of germinating; these 
spores contain an internal prothallus on which archegonia are formed. 
In Isvetes the two kinds of reproductive bodies are embedded in the 
substance of the base of the leaf.—They are moss-like plants, inter¬ 
mediate between ferns and mosses, and in some respects allied to 
cone-bearing plants. A species of Lycopodium from Jamaica has a 
green hue during the day, and turns white to the eye at night. They 
abound in warm, moist, insular climates. There are 6 genera, and 
about 200 species. Examples —Lycopodium, Selaginella, Isoetes. 

1113. Some of the Lycopodiums are emetic and cathartic. The 
powdery matter in the thee® is inflammable, and has been used as a 
substitute for sulj)hur, under the name of Lycopode or vegetable 
brimstone. It is also employed to cover pills, so as to prevent their 
being acted upon by moisture. Lycopodium squamatum, a Brazilian 
species, coils up into a ball during the dry season, and unrolls during 
the wet season. 

1114. Order 216.—mnsci, the Moss Family. Plants having a dis¬ 
tinct axis of growth, often giving off branches or innovations; no 
vascular system. Leaves minute and imbricated (fig. 774 /), entire, 
or serrated; sometimes with condensed cells in the form of ribs or 
nerves. Reproductive organs of two kinds;—1. Antheridia (fig. 368), 
cylindrical or fusiform stalked bags, containing minute cells with sper¬ 
matozoids (fig 368, 3), and mixed with empty jointed filaments or 
paraphyses {'raodfusic, an offset). 2. Urn-shaped pistillidia (fig. 777), 
enclosed at first within a calyptra (xaXufrr^a, a covering), which is 



ultimately carried up with them (fig. 775 c), leaving often a sheath 
(vaginula) round the bottom of the fruit-stalL These pistillidia 
finally become the thecae (fig. 774) or spore-cases, supported on a 
stalk or seta which has leaves at its base, called perichaetial (t*{ 1, around, 
and a bristle) leaves; on removal of the calyptra, the theca is 
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found to consist of a case with an operculiira or lid (fig. 77C), which, 
when it falls off, shows the mouth of the urn either naked or crowned 
with a peristome (o-tfJ, around, and cToft», mouth), consisting of one 
or more rows of teeth (in number, four, or a multiple of four), distinct, 
or united in various ways (fig. 776 p). In the centre of the theca is a 
columella (fig. 777 c), and the bag formed between it and the parietes 
of the theca, contains spherical cells called spores, each of which divides 
into four small spores or sporules, the germinating bodies (fig. 777). 

Ftgs 774*777.—Fifrores to iUttstrate the naturaJ order MuscL 

Fiff. 774.—Ftmaria hygrometrica slightly inagnified. / Leaves, those connected with the 
seta being called perlchetlal «, Um^lke theca, sporangiain or spore>case supp«>rted on a long 
twisted etalk or seta, jh c, Calyptra, which exists on one of the thecas, and has fallen from the 
other, o, Operculnm or lid. 

Fig. 775 —Theca of Fsealypta vulgaris, u. Theca or spore-csse. c, Mltrlform entire calyptra. 
o, Opercnlnm or lid. «, Top of the seta. The calyptra is transparent, and the operculum and 
theca are teen through It 

Fig. 776.—The same theca, n, with the calyptra removed, o, Operculnm detaclied, showing 
tlte peihitome, p, with its sixteen cilia or teeth. 

Fig. 777.—Very yonns theca of Splachnum cnt longitudinally, a. Apophysis or swelling of 
the seta at tlie base of the theca, c, Central columella, s. Cavity or bag between the columella 
and the walls of the theca, containing sporea The integument of the theca is formed of different 
ceQular layers; the first, e, forms the epidermis, and it thickened at the summit to form the 
OT)erculum; there are then two intermediate layers, which ultimately form the teeth of the 
peristome; and lastly, aa inner integument,«, which forms the paiietes of the spore-bearing 
cavity. 
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‘In some cases the operculum remains persistent and the theca opens 
by four valves. At the base of the theca there b occasionally a fleshy 
protuberance at one side called a struma, or a swelling of the seta 
called an apophysb (rfxoipiJnf, excrescence), (fig. 777 a). The calyp- 
tra is sometimns split on one side (dimidiate), at other times it is entire 
(fig. 775 c) or split into short clefts all round its base (mitriform). 
Between the teeth of the peristome and the edge of the theca, an elastic 
ring or annulus is formed; and occasionally a horizontal septum or 
epiphragm (pfay/tta, a partition) extends across the mouth of the 
tliecse. The setae are sometimes twisted, and so are the teeth of the 
perbtome.—Mosses are either erect or creeping, terrestrial or aquatic 
plants found in all moist countries, extending from the arctic to the 
antarctic regions. They abound most in temperate climates. They 
are among the first plants which appear on newly-formed islands. In 
speaking of the morphology of mosses, Bindley states that the calyptra 
may be considered as a convolute leaf, the operculum another, the 
perbtome one or more whorb of minute flat leaves, and the theca 
itself as the excavated distended apex of the seta. I have a specimen 
of Tortula fallax, which I received from the late Mr. E. Quekett, in 
which leaves appear at the top of the seta in place of the spore-case. 

1115. Mosses have been divided according as their seta is terminal 

(acrocarpi, summit, and *«f!roV, fruit), or lateral (pleurocarpi, 

a-Xsej*, side), according as the operculum is adherent or not, and 
according as the mouth of the theca b naked, or has a single or 
double peristome. Divisions have also been adopted, founded on the 
position of the antheridia and pistillidia, &c. Bindley separates Andr»a 
ftom true Mosses, or account of its spore-case opening by four valves. 
According to him there are 46 known genera, and upwards of 1,100 
pecies. Examples —Andrma, Phascum, Gymnostomum, Splachnum, 
Orthotrichum, Dicranum, Bryum, Funaria, Polytrichum, Hypnum, 
sphagnum. 

1116. Order 217.—Hepaticw, the Biverwort Family. Plants 
laving an axb which either bears cellular leaves (fig. 778), or is lenf- 
ess and is bordered by a membranous expansion or thallus. Stomata 
.re found in the epidermis of some. The reproductive organs are— 
. Antheridia, which are either embedded in the frond, or situated on 
ounded sessile and stalked receptacles. 2. Pistillidia, either enclosed 
1 involucres and solitary (fig. 778 1 1 ), or occurring at the edge of the 
ond, or on the lower side of stalked peltate expansions (fig. 412). 
'hecsB or developed pistillidia, having no operculum, opening irregu- 
irly, or by four valves (fig. 778). Spores (fig. 498) often mixed 
•ith spiral filaments called Elaters (fig. 779). Heterorhizal in germina- 
on (fig. 530).—Terrestrial plants found in damp places, or inliabit- 
ig water; some having a moss-like appearance. They are natives both 

cold and warm climates, and are generally distributed over the globe. 

2 B 2 
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1117. The order has been divided into three sections:—1. Mar- 

chantiesB: thecae collected in heads, 
bursting irregularly, no operculum, 
spores with elaters. 2. Jungerman- 
niese: thecte solitary, opening by four 
valves, no operculum, spores with 
elaters. 3. Riccieae: theca solitary, 
decaying so as to allow the spores 
to escape, no operculum, no elaters 
(fig. 411). Many of the Hepaticae 
produce gemmae or buds, which are 
developed on the frond in the form 
of cup-shaped receptacles, and ulti¬ 
mately fall off so as to become dis¬ 
tinct plants. Marchantia hemigpherica 
has been recommended in dropsical 

cases. There are, according to Lindley, 65 genera, and about 700 
species. Examples —Marchantia, Jungermannia, Eiccia. 

Subclass 2.—THALLOOENai* oB Cellulabes. 

1118. Acotyledons composed entirely of cellular tissue, having no 
distinct axis, nor leaves, nor stomata, propagated by means of spores, 
which are often enclosed in asci. It corresponds to Endlicher’s divi¬ 
sion of Thallophyta, and includes the Amphigamso of De Candolle. 

1119. Order 218.—uchencs, the Lichen Family. Plants forming 
a thallus, which is either foliaceous, crustaceous (fig. 780), or pulveru¬ 
lent ; these different forms depending on the mode in which the cells 
are developed and combined. The reproductive organs appear on the 
frond in the form of protuberances of various kinds, consisting of an 
outer layer of thick-walled roundish cells, more dense than the tissue 
of the thallus, and of a different colour (fig. 782 cc), and of an internal 
medullary layer of paraphyses and sporangia, lying perpendicularly to 
the outer layer (figs. 782 c m, 781 t p). The fructification gradually 
projects more from the surface, and either remains covered with the 
outer layer, or bursts through it. When it remains closed, there is a 
nucleus in the centre. When the fructification bursts through the 
cortical or outer layer, it expands in the form of shield-like discs, called 

• a greon leaf, I produce. 

Figs 778, 779.—Organs of fructillcation of Jungennaunia Tamarisci, to illustrate the natural 
order Heifaticae. 

Fig. 77ii -/, Branches covered with imbricated leaves, arranged In a distichous manner. Two 
of the branches bearing theem, supported on stalks which artBofiroin an involucre at the base. 
i <, Involucres e. Theca closed In the young state. C, Theca opening by four valves to discharge 
the spores and elaters. 

’ Fig. 77!).—r. Receptacle bearing eiatois,e, or spiral filaments, one of which shows the double 
spiral fibre, s, Free spores. 
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apothecia UxtSiKn, a repository), or patellse (figs. 780 s, 781 o) (patella, 
a hollow disk), or linear expansions called lirellas (Ura, a furrow), 
flometimes the cortical matter forms a border round the fructification. 



at other times it grows up in the form of a stalk, so as to give rise to a 
podetium (irovc, a foot). The young thee® (asci) contain spores, vary¬ 
ing from 4 to 8 (fig. 413), or from 12 to 16. Occasionally, the spores 
are in sets of two (fig. 413, 2). Separated cells of the medullary 
layer, of a green colour, called gonidia (yoVw, generation, and' iiSo;, 
resemblance), or gongyli, are considered as another kind of reproduc¬ 
tive organ. There are also capsular bodies called spermogones, con¬ 
taining minute linear cells or spermatia, which are often supported 
on stalks or sterigmata. Besides these, pycnides or bodies like sper¬ 
mogones occur, containing spore-like ceUs, called stylospores.*— 
Lichens are found in all quarters of the globe, adhering to stones, 
rocks, trees, &o. They derive much of their nourishment from the 
atmosphere. They have the power of acting on hard rocks, so as to 
disintegrate them; and many of them contain much inorganic matter 
in their composition. They all grow in the air; none are found 
submersed. Examples —Urceolaria, Umbilicaria, Lecidea, Cladonia, 
Parmelia, Cetraria, Roccella, Evemia. 

* See Dr. Lauder Lmdeay’e paper on Lichens, in Trans. Boyal Soc. Edin., voJ. xxn. 

Figs. 780-782.—Oi^an8 of fructification of Parmelia Acetabulum, to illustrate the natural order 
Llcbenes, section Hymcnothalameie. 

Fig. 780 —t, Thailus of the Lichen. Apothecia in the form of shields in different degrees 

of development 

Fig. 781—Apothedum, a, cut vertically and magnified in order to show the layer, tp, formed 
by the union of thecas and paraph; scs. 

Fig 782.—A smail portion of the apothecium mnch more magnified, showing, c m, the central 
medullary layer, c c. The cortical layer, t U Thec» in different degrees of development, p, 
Paraphyses. 
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1120. The order has been divided into four sections:— 

1. Hymenothalameie («»'•, * membrane, tAkx/m, a receptacle): eliields open, discoid 

pennauent nucleus bearing the sporangia on its surface (fig. 780). 

2. Gasterothalame® (yM-rit, a beliy): shields either closed always, or opening by 

bursting through the cortical layer of the thallos, the nucleus containing the de- 
liquesjing or shrivelled sporangia. 

8. Idiothalame® (!?/«. peculiar): shields closed at first, opening afterwards, contain¬ 
ing free spores in a nucleus composed of the gelatinous remains of the paraphyses 
and sporangia. 

4. Coniothalame® (»<>«. powder), pulverulent lichens; shields open, without a nucleus, 
cavity filled with free spores. 

1121. Lichens furnish articles of food and important dyes. Cetraria 
islandica, commonly called Iceland Moss, contains a nutritious matter 
called Liclienin, or Lichen-starch. There exists in it a bitter principle 
also, to which the name Cetrarin has been given. The plant is used 
as a demulcent and tonic, in the form of decoction or jelly. Cladonia 
ram/iferina is a Lichen upon which the Reindeer feeds. Several species 
of Gyrophora constitute the Tripe de Roche, on which Franklin and 
his companions subsisted for some time. Many other Lichens, such 
as Sticla pulmomria and species of Lecanora, furnish articles of food. 
Roccella thictoria from the Canaries, and R. fudformis, furnish valuable 
dyes, under the name of Orchil or Archil. The dye procured from 
them, and from other Lichens, is called Litmus. Lecanora iartarea 
supplies the dye called Cudbear. Parmelia parwtina contains a yellow 
colouring matter c;dled Parietin or Chrysophanic acid. Some species 
of Variolaria contain a large quantity of oxalate of lime. Some plants 
of the order are aromatic. 

1122. Order 219.—Faugi, the Mushroom Family. The plants be¬ 

longing to this order consist of cells, sometimes round, sometimes 
elongated in the form of filaments, either placed closely together or 
separated. They are variable in their consistence, being soft or hard, 
fibrous or gelatinous, fle.shy or leathery. They never contain green 
gonidia like Lichens, and they rarely grow in water. There exists a 
vegetative system called spawn or mycelium (/xvxyii, fungus), formed 
of elongated, simple, or articulated filaments, concealed jvithin the 
matrix, or expanded over its surface, from which varied forms of fruc¬ 
tification proceed. The mycelium occurs either in a filamentous, a 
membranous, a tubercular, or a pulpy form. The reproductive organs 
consist of spores or spherical cells (usually 4 or some multiple of 4), 
which are either attached to the cellular tissue, and supported often 
on simple or branched filamentous processes (fig. 785, 787 5) called 
sporophores (ffo-ofol, a spore, and (pofiiu, I bear) or basidia a 

base); or are contained in thecte (tJieca, a sac), cystidia {xiarif. a blad¬ 
der), or asci (siintoc, a bag), (fig. 785 c), accompanied with bodies 
called autheridia or paraphyses; in the latter case, the term s 2 )oridia 
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is sometimes applied to the spores. The sporophores sometimes end 
in delicate cells beaiin'^ the spores, and called sterigroata (arTuf/y^a, a 
support). In the Agarics or Mushrooms, which are among the best 

78 1 78'i 



known fungi, there is observed first a roundish protuberance on the 
mjceliuin. This swelling is called the volva or wrapper, and it gra¬ 
dually enlarges, containing in its interior what appears afterwards as 
the agaric with its reproductive bodies. When the volva is rupttxred, 
the fully-formed agaric Is seen, consisting of an upper rounded portion 
cajled the pileus or cap (fig. 783 c c), supported on a stalk or stipes 
(fig. 783 p% On its under surface is situated the hymenium 
membrane), or the part where the spores are produced (fig. 783 h), 
covered at first by a thin membrane called a veil (indusium or velum), 
which is ultimately ruptured; and when the rupture takes place at the 
edge of the pileus, an annulus or ring is left on the stipes (fig. 783 o a). 
The hymenium, or the part on which the organs of reproduction are 
placed, consists in the agaric of cellular plates, lamellse, or gills, radiating 
from the centre (fig. 783 h). In other genera of Fungi (fig. 786) it 

FiRS. 783-787—Fljfurea to iUnstrate the natural order Fungi 

Fik 783.-A cluster of plants of Ajrarlcus canii>estrl8, Mushroom, to different stagres of de¬ 
velopment. Stipe or stalk, c c c, IMleus, hat or cap. t», Velum or Indusiuui which unites th« 
pileus and stipe, and when ruptured forms the annulus or ring, ao. A LamclliB or gills radiatlnir 
from the eentro, on the under suiface of tli© piltius, and bearing the hymenium or receptacle of 
the spores. 

Fig 784.—Hymenium seen from above, the spores, ft, being scattered over it In sets of four 
(quaternary). 

Fig. 783 —A small portion oi the Hymenium much magnified and viewed laterally. * A Ha 
tiffiue composed of ceHs. b, Baaidla or sporophores bearing the spores; one ot thcs^fs figured 
separately, beating a large number of spores c, (^ystidia or thece. 

Fig. 786.—A smell portion of the pileus of Clathrus cauceUatus, In the form of a sort of net- 
V ork. The Hymenium covers its inner sm.’sfcco, and Is seen following the contour of the lacuuaa, 
11 , ofthenet-woik 

Fig. 787.—Hymenium much more highly msgnlflod to show the particular foj*m of the baaldtat 
A a, Spores. 
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consists of tubes or solid columns, or flesbj or gelatinous matter. 

Sometimes the hymenium fe on the upper surface of the fungus._ 

Cellular plants, often growing on decaying organic matter, generally 
very fugacious, and presenting various colours. They are found in all 
parts of the world. 

1123. The following are the divisions usually recognized, as defined 
by Berkeley:— 

t. Hymenomycetes a membrane, and /timvt, a fangua): Hymeniom naked, 

spores in sets of four (fig. 784 4), and borne on distinct sporophores (figs. 783, 
786). 

2. Gasteromycetes (»-«<ri^;, a belly) : Hymenium enclosed in a membrane (peridium), 

spores as in section 1 (figs. 786, 787). 

3. Coniomycetes (*<« t. powder); Flocci of the fruit obsolete or mere peduncles, 

spores single, often partitioned, and on more or less distinct sporophores. 

4. Hyphomycetes Qafiu, I weave): Thallus floccose, spores naked, often septate. 

5 Ascomycetes (4v»J.-, a bag): Sporidia (spores) contained often in sets of eight in 
asci or tubes. 

6. Physomyeetes (e»v«, a bladder): Thallus floccose, spores surrounded by a vesicular 
veil or sporangium. 

Under these sections Berkeley enumerates 598 genera, including about 
4,000 species. Examples —Agaricus, Polyporus, Hydnum, Clavaria; 
Phallus, Geaster, Bovista, Craterium, Nidularia; Bactridium, Torula, 
Dredo, Aicidium; Ceratium, Tubercularia, Botrytis, Penicillium; 
Helvella, Peziza, Tuber, Erysiphe, Onygena; Phyoomyces, Mucor. 

1124. The plants of this order deserve attention, whether we regard 
their esculent or their poisonous qualities, or the destruction which 
they cause by their parasitic growth. In this country the chief 
species eaten are Agarims campestris, the common Mushroom, Agari¬ 
cus Oeorgii, Morchella esculenta and other species of Morel, Tuber 
cibarium, Truffle. In foreign countries, as in France, Italy, Germany, 
and Russia, numerous Fungi are used as food, which have acted as 
poisons in this country. The process of cooking, as well as the climate, 
may have some effect in modifying their qualities. Agaricus procerus 
is eaten abroad; but a case of poisoning from it has been known to 
occur in Edinburgh. In Rome it is stated that the yearly average of 
taxed mushrooms, from 1837 to 1847, was between 60 and 80,000 
pounds weight. The finest mushroom is said to be the Agaricus 
Prunvlus. Amanita muscaria is a poisonous species, which is used 
as a means of intoxication in Kamtschatka. It is said to give this 
property to the urine of those who eat it. It is not easy to distinguish 
betvVeep edible and poisonous Fungi. It has been said that the latter 
are often highly coloured, have scales or spots on their surface, tough 
watery flesh, and grow in clusters on wet ground, and often in the 
shade; while the former are seldom highly coloured, generally white 
or brownish, rarely show scales or spots, have brittle &sh, and grow 
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solitary in dry pastures, not in the ^shade. In some oases Fungi 
form a staple article of food. Darwin states that the inhabitants oi 
Tierra del Fuego live upon a globular fungus of a bright yellow colour 
{Cyttaria Darwinii), found on the bark of the beech. Many species 
of Boletus are used as food in Western Australia, according to Drum¬ 
mond. Mylitta australis is known in Australia as Native Bread. 

1125. Some Fungi are limited to certain kinds of decaying matter. 
Many species of Onygena are found only on the dung, feathers, and 
hoofs of particular animals. Peculiar species of Mycoderma are deve¬ 
loped in vinegar, in yeast, and in flour. The rapidity with which 
Fungi sometimes grow is remarkable. Ward noticed Pltallus impudi- 
cits shoot up three inches in the course of twenty-five minutes, and 
attain its full elevation of four inches in an hour and a-half. Bovista 
gigantea, in a single night, has increased from the size of a pea to that 
of a melon. The force also with which they expand has been shown 
by their raising pavements under which they had been developed. 
Some Fungi, as Agaricus oreades, coccineus, aai persoTuUiis, are deve¬ 
loped in a centrifugal manner, forming fairy rings. Certain species of 
Agaricus give out a sort of phosphorescent light. Ihis has been re¬ 
marked in Agaricus olearius, Agaricus Gardneri, and some species of 
Agaric from the Swan Eiver. A similar kind of light is produced by 
species of Bhizomorpha, which occur in coal mines. Polyporus fomen- 
tarius forms amadou, and it, as well as P. betuUms, have been made 
into razor-straps. 

1126. The diseases caused by Fungi are numerous (IT 693-696). 
Blight, mildew, rust, and smut, are diseases of grain due to the attacks 
of Fungi. Dry-rot is owing to the presence of Meruliua lacrymans and 
vastalor, and Polyporus destructor, the mode of preventing which has 
been already alluded to 699). The disease called ergot, which 
attacks Eye and other grasses, is produced by the Cordyoeps purpurea 

1103). The various moulds which occur on bread, cheese, pre¬ 
serves, and fruits, are plants of this extensive order. Penicillium 
glaucum is one of the most common moulds, occurring on organic sub¬ 
stances, on books, &c. A species of Racodium is found in low cellars, 
as at the London docks. Some Fungi are produced on living animals. 
Thus, the disease called muscardine in the silkworm is produced by 
Botrytis Bassiana. Certain wasps in the West Indies are affected by 
a similar disease. Sphceria sinensis, a celebrated Chinese drug, grows 
from a caterpillar; Sphceria Bobertsii is developed on the larva of Jii- 
pialus virescens in New Zealand; and Sphceria Tayloti on an Austra¬ 
lian caterpillar. So are also Sphceria sobolifera, entomorhiza, militaris, 
and others. Particular kinds of mould sometimes grow on the mucous 
membrane of birds. Some mycodermatous Fungi are connected with 
certain cutaneous and other diseases in the human species. Thus, 
cellular filaments called Porrigophytes are found in the crusts of 
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Porrigo favosa, Mentagraphytes in those of Mentagra or Syeosit menti, 
and Aphthaphytes in Aphthm. These are all forms of mould. 

1127. Order 220.—the Sea-weed Family. Cellular plants 
found both in salt and in fresh water. Fronds composed of variously 
formed, often elongated cells, which are either simple or branched fila¬ 
ments, continuous or articulated, separate, or combined in different 
ways (fig. 29) so as to constitute fronds of various tinds (fig. 788). 
Growth takes place by the division of cells, or by cellular prolonga¬ 
tions, in the form of lateral branches. Reproductive organs consist of 
spores, which are contained in mother-cells or perispores (rigl, around. 
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and dwofii, seed), or sporocarps (xagTroi, fruit). These are sometimes 
congregated together in receptacles of different sorts (figs. 788 c c, 
789). The spores occasionally divide into 3 or 4 cells, constituting 
tetraspores (rtTgdi, four). In addition to spores or sporocarps (fig. 
791 sp), there are antj^ridia, consisting of minute cells with sper- 
matozoids in their interior. In some of the simplest Algrn, the whole 
plant is concerned in producing new individuals by division of the 
parent cells into 2 or 4. In others there is a union of 2 filaments, 
and a passage of certain granular particles (endochrome) from the 
one to the other, ending in the formation of the spore. This process 
is termed conjugation, and is one of great interest. It has been ob- 

f igf. 788-791.—Frond and organs of reproduction of Fucas serratus, to Ulustrate the natural 
oraer Algs. 

Fig. 78<J—The entire plant much diminished to size. /. Frond composed of cells, so united a» 
to form a fiat cxpansioQ. c c, Conceptadea at the extremities of the fioud, containing the organs 
of reproduction. 

Fig. 789.—Extremity of the frond covered with conceptadea. 

Fig 790.—Vertical section of a conceptacle, c, with its inner surfisice covered with spores 
(^roearps), and paraphyses, or antherldia. <, The superficial ecUnlar tissue of the fioud, in 
which the wmceptade is buried, o, Foramen by which the conceptacle opens externally. 

Fig. 791.--Spare, covered with its perispore or sporocarp.p. /, Filaments or paraphyses. 
some cailed antheiidia. 

Fig. 792.—Spora a. separated and deprived of its perispore or outer covering* 
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served in some of the Confervacew and Dtatomaceoe. In certain cases, 
the terminal cell of the filament is that in which a spore is formed 
without any conjugation, and in these cases the spore is frequently 
provided with ciliary processes, which exhibit for a tiiT)e spontaneous 
movements (figs. 431-434); hence called zoospores. In the higher 
Alg®, the sporocarps containing 2, 4, or more reproductive cellules, 
are united together in conceptacles along with antheridia containing 
phytozoa or sperniatozoids (figs. 790, 791). In Characece there are 
two distinct organs of reproduction. 

1123. This e.'ttensive order has been divided into the following sub¬ 
orders :— 

• 

1. Characea?: water plants formed of parallel talies, wliich arc sometimes encrusted 

widi carbonate of lime; reproductive oritaus are of two kinds—a, a round red 
globule consisting of eight‘*'al\es which cnclo^'O cells of difterent kinds, contain¬ 
ing granular matter and peculiar spiral filaments or phytozoa (fig. 36i)); 6, an 
oval nucule formed by a laige central cell or spore, with five elongated cells 
wound spirally round it, surnumnted by five teeth. Some con'^idcr the globule 
as an antheridium, and as ef|uivalent to an anther. The nucule contains the 
germinating body. The rotation of granules takes place in the plants of the 
tribe 27a, 27ti)- 

2. Fucacea?, the Sea-wrack tribe: usually growing in f^alt -water; frond consisting of 

cells Avhicli arc often united by gelatinous matter (lig. 2y), and which sometimes 
form a broad expansion (a membranous thallus), supjiorted on a stalk; organa 
of roprodu'-tion consist of .sjiorocarps and antheriilia, contained in conceptacles 
opening externally (fig. 700), which are united in club-shaped expansions or 
receptacles, situated at the end or margins of the fronds (tigs. 788, 780). In 
genninating, the nucleus bursts the epispore or outer covering of the spore, and 
bends out filamentous processes. 

0. Floridea* or Ceramiaceie: ro?e or purple-coloured soa-weeds, with fronds formed of 
a single row' of articulated celN, or of .several rows of cells combined into a flat 
expansion ; organs ot reproduction consist of sporocarps or pe^i^f^ol•es, intermingled 
with clavate filaments called antheridia. The sporocm.s contain cells or spores 
often divided into four (tetrasporcs), and enclosed m conceptacles of rariouj 
kinds. 

Conforw'acea^: aquatic plants often of a green colour, consisting of one or more 
cells of a rounded or cylindrical fonn, united together so as to lorm an articulated 
or flat frond. They increase by the inerismatic division of cells. Kejiroduction 
effected by spores which are formed in the interior of tlie cells by a change in 
tlie arrangement of the granular matter, or by the union of filaments of difier- 
ent plants, a process of conjugation, by which granular matter passes from one 
to the other. The spores arc discharged by the opening of the cells, and they 
often have moving cilia (figs. 481-484). • 

Diatomace®: inhabiting still waters and moist places ; fronds consisting of frustula 
or fragments, which are either angular or cylindrical, often siliceous and brittle 
(non-siliceous in Desmidieoe), united by a gelatinous sort of substance; propa¬ 
gated by the division of parent cells into two halves, which become more or lew 
comjiletely detached, and fomi new individuals. Conjugation also takes place 
in some instances, in the same way as in the Confervaccfe. 

2 c 
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The order AlgoB, exclusive of Characeae, has been divided bj Har¬ 
vey as follows:— 

1. Melanosperineib: plants of an olive-gi'een or olive-brown colour, and cellular or 

filamentous structure; growing in the sea. Fructification contained in definite 
capsules or receptacles, or in distinct sori. Seeds dark-coloured. 

2. Rhodospernieie: plants usually mariue, of a rose-red, purple, or red-brown colour, 

leafy, c^luKlrical, or filamentous. Fnictifieation usually double, the primary 
contained in cai^ules, receptacles, or iminej'sed in the frond; secondary, when 
present, minute granules forming sori, or embedded in distinct receptacles. Seed* 
red or red-brown. 

3. Chlorospenneac: plants gi'owing either in the sea, in fre^h water, or in damp situa¬ 

tions; either filamentous, membranaceous, or shapeless; either colourless, or 
(ow'iiig to tlic presence of aii internal, granular, sjioi*ulai*inass) of a gi'asa-green, 
very rarely j)urple or red colour. Fructification, green or purple sporule<^, either 
filling tlie frond or collected into spondia, rarely coutamed in external capsules. 

4. Diatumaceai: as already defined abuse, 

liiidley eiminerates 283 genera, including about 2,000 species. Ex- 
amples —Chara, Kitella; Fucus, Sargassum, Laminaria, Padina, Ecto- 
carpus, Bryopsis; (.’eramium, Delesseria, lihodymenia, Chondrus; Con¬ 
ferva, Ulva, Oscillatoria, Palmella, Protococcus; Diatoma, Uomcco- 
cladia, Desmidium. 

1121). The fjjants of the order are widely distributed over the globe, 
being found in salt and fresh water, in moist places, as on damp rocks 
and stones, and the glass and pots of hothouses, and even in hot 
springs. Sometimes they present collectively the appearance of green 
slime. They derive nourishment chielly from the medium in which 
they glow; and the root-like processes with which some of them are 
provided, seem to b’e merely for the purpose of fixing them. Some of 
the species are very gigantic, others very minute, rotiuiriug the aid of 
the microscope for their detection. The lowest members of the order 
approach very nearly^o the lowest tribes of animals, and it is difficult 
to draw a hue of demarcation, klany species now considered vegetable, 
such as ('orallina qlJicuinlLi and many Diaiomacew, are figured as 
animals by Ehrenbeig. 'I here are interesting movements connected 
with the cells of many Algae, such as Osci/latoi ia and Nostoc. Some 
of the species found in the ocean have conspicuous stems, which 
sometime.s present the appearance of zones in their interior 106). 
Among the large-stemmed specie.s may be noticed DurviUea utitia 
and Leaaonia fuscescens. Scytoaiphon {Chorda) Filum attain.? in the 
British seas a length of 30 or 40 feet, while Macrocijatis pyrifira 
in the Pacific ocean reaches the length of 500 to 1,500 feet. Some 
of the Lwiunarias of Britain have stalks of considerable size. Sai'- 
yasawn bacciferum, the Gulf-weed, is found floating in great quan¬ 
tities on each side of the eejuator in the Atlantic, Paafic, and Indian 
ooeaiis. Frotococcus nivalis and viridis are said to occur in red and 
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preen snow. The red and green colours of certain lakes and seas 
me attributed to species of Trichndesmiam and Splicerozijga. Accord¬ 
ing to Dr. Joseph Hooker, Diatom,acece are found in countless 
numbers between the parellels of 60° and 80° S., where they give 
a colour to the sea, and also to the icebergs floating on it. The 
deatli of these bodies in the South Arctic ocean is producing a sub¬ 
marine deposit, consisting entirely of the siliceous particles which 
entered into the composition of these plants. Conferva crispa, called 
Water-flannel, forms beds of entangled filaments on the surface of 
water. Species of Tyrularidea also occur in thick green patches. Jly- 
drodictyon utriculatuin, Water-net, has the appearance of a green-net, 
composed of filaments which enclose pentagonal and hexagonal spaces. 
Achlya prolifera, and other Conferva), arc developed occasionally on 
living animals, such as on the gills of the gold-fish and of trout. Cer¬ 
tain organisms have been detected in the human stomach, which appear 
to belong to this order. One of these is called Scirdmda ventricidi by 
Goodsir, and was ejected by vomiting in a case of pyrosis. It consists 
of square cells united together in sets of four, and propagating by 
division. It is probably an anomalous condition of a rnould-fungus. 

1130. The plants of this order supply a quantity of gelatinous mat- 
trr, and many of them are used for food. Kelp is obtained by the 
burning of Sea-weeds, and iodine is procured trom them. Sphmrococ- 
ens {Chondrm) crispns, Carrageen or In.sh Moss, supplies a nutritious 
article of diet. Jihodymeida palmala, Dulse, Alaria cscidenta, Iridcea 
edulls, young plants of Laminaria digitaia and saccharina, Tangle, as 
well as various species of Porpliyra, Laver, and Ulva, Green Laver, 
are esculent. The edible swallows’-nests of the East are said to be 
lurmed of a species of Galidium. Spliccrococcus cartilagineus, var. 
■seiaccus, is used in China .as a substitute for these nests. Agar-agar 
is a sea-weed of a similar kind. Nostoc edide is used in China as an 
article of food. The use of burnt sea-weed, in cases of scrofulous 
swellings, has been superseded by the discover^ of iodine, the active 
ingredient. Plocarin {Giyariina) Uelminthocorlon, under the name of 
Corsican Moss, was formerly used as a vermifuge. The Charas have 
frequently a peculiarly fetid odour, and their presence is said to give 
rise to malaria. Occasionally they communicate their odour to the 
water of reservoirs, and render it unpleasant. It is of importance for 
Water Comjianics to see that Charas do not exist in the streams which 
supply the water for their reservoirs. 




PART m. 


OEOGEAPHICAL BOTANY, OR THE DISTRIBUTION OF 
PLANTS OVER THE GLOBE. 


1131. Tins department of Botany treats of the manner in which 
plants are affected by climate and station, and endeavours to investi¬ 
gate the conditions under which particular families, or^pecies of plants, 
are confined to certain zones of latitude and altitude. It is a subject 
of great interest, and one which cannot be prosecuted with success 
until the vegetation of the globe is more fully known. So long as 
there are vast tracts of continents unexplored by botanical travellers, 
the facts upon which Botanical Geography is founded must be im - 
perfect. 

I.—EriltltHEOLOGT, OR THE lUFLIIENCE OP VARIOUS ExTEENAL AgENTS 
ON Plants. 

1132, It is a matter of common observation, that the localities and 
soils in which plants grow vary much. Thus, some species grow in 
the shade, while others thrive best in full exposure to light; some 
grow in mountainous or alpine districts, while others prefer the plains; 
some are found in dry, others in marshy places; some are submersed 
in lakes or in the sea; while others live on muddy banks, or on sandy 
shores. The plants growing on a granitic or micaceous soil differ 
frequenily from those found on trap, limestone, or sandstone. It is 
equally well known that climate exercises a powerful influence on vege¬ 
tation, modifying the Floras in different regions of the globe. Some 
plants are fitted to bear the .igour and duration of an arctic winter, 
with a moderate summer heat, others require the heat and light of the 
torrid zone; and between these two extremes, there are all varieties 
of gradation. Thus vegetation extends over the whole globe, from 
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one pole to the other—from the summit of the highest mountains to 
the bosom of the ocean. There are, uotwithstanJing this general 
diffusion of vegetable structures, a few spots in which their traces have 
not been detected. Among such districts may be mentioned the hot 
sands of Africa, and some of' the Antarctic Islands. In other districts 
their number and species are limited to a few. Each zone may be 
said to have its own peculiar vegetable features, the number of species 
being found to increase as we approach the equator, and to decrease 
as wo retire from it. Palms, Bananas, Tree Ferns, and Orohideous 
Epiphytes, are chiefly confined to the tropics; Cruciferous and Um¬ 
belliferous plants are found in temperate regions; some Coniferous and 
Amentaceous plants flourish in more northern countries, while Saxi¬ 
frages and Lichens extend to tlieaictic regions. In warm regions are 
found those fruits which are so necessary for the well-being of the in¬ 
habitants; in temperate climates cliielly, occur the cereal grains for 
tlie food of man, and the green pastures for the nourishment of cattle; 
and in the arctic regions, the Lichen, on which the reindeer feeds, 
grows luxuriantly. 

1133. The number of known species of jilants amounts to about 
100,000. The following is an estimate of the known species of plants 
on the globe at dillerent dates:— 


Linnania. JT'iS . .'5,1123 Thmierog. G15 Crvptog. 5,fl38 

Persoon. tSil7 . tft.'Uli — fi/mo 25,!)t9 

Steudel. 1S21 1 _ lO.lHiS — 60,G19 

Steudel. 1.S41 . TS.lMiO _. — 91,(1110 

SteuJol. 1811 80 , 110(1 — 10,000 — 90,000 

In 1846, Lindley gave the following estimate of known genera and 
species:— 

Thallogeiis. O.ID Genera, 8,391 Species. 

Acrogens. 310 — 4,086 — 

Pihizogens. 21 _ 53 — 

Endngens. 1,420 — 13,081 — 

Dictyogons. 17 — 2G8 — 

Gyninogeiis. ,37 _ 210 — 

Exogeiis. C,191 — 6G,225 — 


Total. 8,935 92,920 

Much yet remains to be done in regard to the Floras of India, China, 
Africa, New Holland, and South America. Meyen conjectures that 
the total vegetation of the globe may be about 200,000 species. 

1134. The distribution of species over different quarters of the globe. 
IS regulated by various external agents, the study of which is termed 
Epirrheology^ 1 influence). These agents are chiefly tem¬ 

perature and moisture, and the nature of the soil. 'I’he effects produced 
on plants by increase or decrease of licht, and by changes in the sta.<; 
of the atmosphere, have not been siiliicicntly determiued. 



















DISTRIBUTION AS AFFECTED BY TEMPEBATDEE. 


583 


1.—Effects of tf-mfeuature. 

1135. The effects of this agent must be considered both as regards 
its latitudinal and its altitudinal ranges. In proceeding from the equa¬ 
tor to the poles, or in ascending from the surface of the ocean to flie 
summit of a lofty mountain, there is a gradual decrease of temperature, 
and, at the same time, marked changes m the nature of the vegetation. 
The scale of atmospheiical temperature serves as a .scale fur the pro¬ 
gress of vegetation. As regards the latitudinal distribution of lieat, 
the globe lias been divided into eight regions, four northern and four 
southern—viz., a tropical region, from tlie equator to tlie limits of tlie 
tropics in each hemisphere; subtropical, between this and 40° of lati¬ 
tude ; temperate, between 40° and 60° of latitude; arctic and aiitaiclic, 
beyond 60° of latitude. 

use. Eacii species of plant is adapted to thrive best between certain 
limits of temperature. 'I’liese limits do not necessarily coincide with 
any definite parallels of latitude ; for it is well known that the climate 
of different places in the same latitude is very diilVient. It is of im¬ 
portance, therefore, to ascertain the mean temperature of the year, or 
rather of different seasons. By drawing lines through different places 
where the mean annual temperature is the same, Humboldt has estab¬ 
lished a series of isothermal (iVo?, equal, and beat,) lines inter¬ 

secting the parallels of latitude. These lines run in curves, which rise 
in their course from the eastern coast of America towards western 
Euro})e, and sink towards the south in the interior of the continent.— 
and that so quickly, tliat Scotland lies in the same isothermal line as 
Poland, and England as Hungary. It is clear, therefore, that the 
isothermal lines in the higher latitudes do not, by any means, corres¬ 
pond witli the parallels of latitude. At the equator, however, these 
lines coincide more nearly. Much depends upon the temperature of 
the diflereiit seasons. Thus, a place which lias a very cold winter, 
and a very warm summer, may be in the same isolhernial line with 
one in which the temperature of both these seasons is moderate, and 
plants which succeed well m the one may not grow in the other, 
('herry-laurels and other Evergreens, which grow well in the open 
air in England, will not stand the winter of places on the continent in 
the same isotliermal line. It is necessary, in determining the geogra¬ 
phical distribution of yilants, to take into account the mean summer 
and the mean winter heat, and, better still, the mean month iy tem¬ 
perature. The distribution of temperature among the difl'ererit months 
of the year is of importance, especially in reference to the iieat and 
duration of the summer months; for many plants protected by a 
covering of snow, are enabled to brave rigorous winters, provided the 
summer be hot enough, and of sufficient duration. Lines passing 
through places having the same mean summer temperature are called 
isotheral (Ao;, equal, and Ajof, summer); those passing through places 
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•with an eqnal mean winter temperature, are isocheimonal {xu/iup, 
winter). The isocheimonal lines in the interior of continents bend 
considerably towards the south. The isotheral lines bend to the north, 
but in the interior of continents they tipproach the parallels of latitude. 
Many circumstances conspire to influence the temperature of countries. 
Insular and coast climates are more equable, from the effect of the sea 
in preventing the atmos[)herc from being much heated during the day, 
and much cooled during night. In the interior of vast continents the 
extremes of temperature are often great. Winds have a powerful effect 
on climate. lu China, the north-east monsoon brings great cold in 
February. The state ot a country as regards forests, has a decided 
effect on the temperature. In different quarters, the nature of the 
exposure, also, whether to the east or west, north or south, and the 
intervention of elevated ranges of mountains, materially affect the 
temperature. 

1137. Temperature, in its hypsometrical altitude, and 
measure,) relation, or as regards its altitudinal range, requires to be 
considered. In ascending into the atmosphere, a decrease of tempera¬ 
ture is observed, which varies in its amount at different stages of a.scent. 
The following table shows the temperature at different heights in the 
equatorial and temperate zones 


tleifflit 
In feet. 
0 

3,197 
C,394 
9,.591 
l‘2,7fe9 
15,985 


Eqn.nt Zone. Temp. Zone. 

i„it o'— 10 '= Lilt t.'r'-rto 

8t°’50 F. Mctm. 6;i°-00 F. 

71 -Zl . 41 -00 

Cl -10 . 31 >04 

f)7 -54 . 23 -SP 

44 -CO 
S7 -70 


Taking an average, it may be s.iid that there is a fall of I'in the 
thermometer for every 340 feet of ascent. Prof. Forbes states that 
649'5 feet of ascent give a difference of 1° of the tbermometer in the 
boiling point of water. The elevation at which constant frost takes 
place is called the snow-line or line of perpetual congelation. Its limit 
does not exactly correspond with the height at wliich the temperature 
is equal to 32'' F. The following table gives the height of the snow¬ 
line (in feet) at different latitudes:— 


Lnt. 


Heiuht of 

Lat. 

Height of 


Sntm Line. 

Snow Line. 

0 .. 



50 . 


6 .. 


. 15,095 

65 . 


10 .. 


. 14,704 

60 . 

. .3,818 

15 .. 


. 14,220 

65 . 

. 2,722 

20 .. 


. 13,278 

70 . 


25 .. 


. 12,5,57 

75 . 

. 1,016 

30 .. 


. 11,481 

80 . 

. 457 

35 .. 

. 


85 . 

. 117 

40 .. 


»0 . 

. 0 

45 .. 


. 7,«71 
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The decrease of temperature on lofty mountains regulates, in a great 
measure, the nature of the pla’its which grow at different heights. The 
same changes take place as have been shown to occur in proceeding 
from the equator to the poles. The following observations made on 
the growth of certain trees on the Grimsel, show the relation between 
height and latitude :— 


Lat. On the Grimsel. 


Beech, which extends to G0° grows about the hei' 

jht of 3000 feet. 

Oak. 

.Cl° . 

. 2C00 — 

Fruit Trees. 

.c.r-) 

. 3400 — 

Hazel. 

. . 

Horw’ar Spruce..., 


. 5000 — 

Scotch Eii-. 

. 70° . 


Birch. 

.70° 40' . 

. C400 — 


2.— Effects of JIoisture. 



1138. The quantity of moisture in the air has a decided effect on the 
distribution of plants. Nothing checks vegetation more than extreme 
dryness. Hence the barrenness of those hot sandy deserts, which ex¬ 
hibit only an arid waste, without a single blade of grass to relieve the 
eye of the weary trar'cllcr. In warm and dry climates, succulent 
plants occur, with hard e])idcr]nal covering.s, capable of resisting the 
effects of evaporation and transpiration. Among these may be noticed 
CactacetE, Mesenibiyacea;, Euphorbias, and some of the Aloe tribe. 
In the districts of Australia, wliere a dry climate prevails, many plants, 
such as Proteas, Banksias, and leafless Acacias, have hard and dry 
foliage, capable of enduring much drought without’ injury. In warm 
climates, the efTect of the dry season on vegetation is very remarkable. 
This season may be said to correspond with our winters. In some 
parts of South America, whore no rain falls for eight montlis of the 
year, the leaves during the dry season fall, buds are developed in tlieir 
axils, and it is only when the wot season arrives that the trees become 
clothed with verdure, and the herbage appears. Forests appear to 
keep up the humidity of the atmosphere iu a country, and thus have 
a powerful influence on the climate. 

3.—Effects of Son., Lioiit, and otiieu Agents. 

1139. The physical localities in which plants grow vary consider¬ 
ably. These variations are connected with the dryness and moisture of 
the soil, as well as with its mechanical and chemical composition. Some 
plants are fitted to grow in water, others in marshes; some grow in 
peaty soil, others in sandy soil. Thurmann has endeavoured to show 
that the nature of the soil, whether siliceous, clayey, calcareous, or 
saline, has an effect in modifying the vegetation. Prof. E. Forbes 
states, that, in Lycia, he could easily distinguish the serpentine from 
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the limestone, not merely by their geological characters, but also by 
the disposition of the arborescent vegetation. On the serpentine, 
usually ])ines only grew, and never in thick forest masses, but scat¬ 
tered; whereas the limestone bore thick clustered oaks and a luxuriant 
underwood, with now and then clumps of lofty pines. In the low 
countries near the sea, the serpentine was marked by Seuecio squalidus, 
a little Erophila, and Cheilaiithes odora; while on the limestone, 
Acrostichuin lanuginosuin was a conspicuous fern. 

The following is a division of plants according to the botanical sta¬ 
tions or physical localities in which they grow, whether placed there 
by nature or by art.:— 

A.— Plants groii'ing in Water^ whether Salt or Fresh. 

1. Marino Plint«, puc-h Spu- woods, Ln\prs, , -which arc either buried in the 
ocean, or float on its surface . also, siuh plants as Uup}na and Zo^lcra. In tlie Sar¬ 
gasso Sea there are floating mea<lows of Savga^^um hiuc)i<'i'um, gulf-weed. I’his sea 
extends fjoin 22° to V>{)° nortli lat, and from 2o° to west loJig. fiom Grecuwdcli, 
and extends over '10,000 square miles. 

2. Mavilitno or suline planti. 'J’hose are ])Unt.s which grow on llie border of the 

poa, or of salt lakes, and r(*<|uije salt for iKuinvlimont, as StiViconna^ glasswort, S<il- 
PolcC, saltwort, Avah<{>-is. Siicli ]>laiits arc 4>rtcti called Il-iloplivlfs {«.>,(, salt, and 
rt/riv, a plant). IJinl'a Ihi.s lica<l may be iucludcd littoral and shuic plants, such ad 
Aivneria^ sea-piiik, and >Samolus. 

3. Aquatic planb, growing: m frcNh w'atcr, either stagnant or running; as Sagit- 

icu'ia^ arrow'hcad, Kympha-a., water-lily, Pot am orjet on., jioiKlwoed, SubaJaria., awdwurt, 
Utrirularia, bladderwoit, Straf/ofe^t, -water-stddjcr, Len/na, duckweed, Confervas. 

Oscillator ice., and Jianvncttlus Jlunatihs. Some of these root in tlic soil, and a])pettr 
above the surface of the water; otheis rout in the soil and leinain submersed; while 
a few swim fieely on the surface without routing below. 

4. Amphibious plants, living in ground which is generally submerged, but occa¬ 

sionally dry, as llanuneulus aqaatihs and scclcrataft., ]b>hig(mumamphibiii}n, NastuHium 
amphihiuifi. The form of the iiliints various according to the degree of moisture. 
Some of those, as Limoselhi aquaiica. grow in places wdiiidi are inundated at certain 
periods of the year; others, such as/Mr.op/mnas (mangioves), and form 

forests at the mouths of muddy rivers in tioidcal couiitiios. 

B .—Land Plants which root in the Earth and Grow in the Atmosphere. 

6 . Sand plants; as Carex arenarki, Ammophila arenarla, Ehjmiis arenarUa, and 
Calaanafp'ostis ar&no.ria, wdiich tend to fix the loose sand, Plantago arenaria., Uemiaria 
glabra.., Sedum acre. 

6 . Chalk plants; plants growing in calcareous and cretaceous soils, as some species 
of Ophrys. Orchis., and Cyprtpedmm. 

7. Meadow and pasture planks; as some species of Lotus., bird's-foot trefoil, a great 
number of gi’asses and tiefoils, the daisy, dandelion, and buttcicups. 

8 . Plants found in cultivated giound. In this diviMon are included many plants 

w Inch have be^ introduced by man along with grain; as Ceniauvea Cyanus^ com 
blue-bottle, Srnapis ainiensis, common wild musturtl corn-cockle, eever^ 

species of Vtranica and Euphorbia^ hoUnm ti'.mulentum., Convolvulus arvensisy CUJio- 
rium Intyhis; also plants growing in fallow ground, as Eumteo Acetosella^ Carduus 
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nutans^ Echium vulgare, Artemx&ia cawpcsirii^ and Andromce sepientriomtlis. In this 
division, garden weeds are included ; such as Groundhel, Cluokweed, Lamium amplexi- 
caule, Chcnopoiilum album, and urblcum. 

9. Kock or wall plants; Saxifrages, 'Wall-flower, Linorh Cgmhalana, Draha 
muralis, species of Ilitracium and Sedum, Aspk.uium Uuta muraria, and some lichens 
and mosses. 

10. Plants found on rubbi’^h heaps, e8])ecially connected with old buildings. Some 
of these seem to select the habitations of man and aniuinls, on account of certain 
nitrogenous and inorganic matters, winch enter into their coni])Osiiion. Among them 
may be noticed, Nettles, Docks, Borage, nent)ane, XanlJunm. Here, also, have 
been placed some plants immediubdy connected with the haliitation of man, such as 
Jt'acodium celkire, a fungus found on wine cavk-^, Conferva Jtnesiralis, an alga pro¬ 
duced on window-panes, and Confo'va dendrita, one developed oii paper. Some 
jilants, as Se^npervivum, iccfvnnn, select the roofs of Iiou'^cs. 

11. Plantl%rowiiig in vcg-table mould; such as hg-plants, or those growing on 
wet soil, so soft that it }iel(h to the foot, but liscs again ; and inarch plants, growing 
in wet soil, which sinks uikIci tlie foot and does not li.'-e To the former class belong 
6uch plants as Piugmcula uftna and rrimula farinosa ; to the latter, such as Mmy- 
antkes, Comarim, Huk'ns CA'ntua. 

12. Forest plants, iucliuling trees which live in society, as the Oak, the Beech, 
Firs, &c, and the ])lant.s which grow under tlieir shelter, as the gieater part of the 
European Oreliises, Home spccics of Carcj and Ovobonrhe. Soine plants aspecially 
grow in pine and fli-woods, as Lt/nma borealut, and some Pyrolas. 

13. Plants of sterile places, found in barren tiauUs, by roadsides. This is a hetero¬ 
geneous class, and contains many plants of uncertain characteis. Under it are in¬ 
cluded tlie plants (»f unculti\ ated grounds, as thone hiimd in moons, where Calluna 
rnlf/avis, common heather and ^arious hcjlhs, Juni]>er, Andromeda, and some species 
of Pohjtvichum oeeur. 

14. Plants of tlie thickets or hedges, comprehending the Small shrubs which con¬ 
stitute the hedge or thicket, as the Hawthorn and Sweet-briar; and the herbaceous 
plants which grow at the foot of the^e shrubs, as Adoxa, W’ood-sorrcl, Violets; and 
those which climb among their numerous branches, as Bryony, Black Biyony, 
lioneysuckc, Iravellcrs Joy, and soim* species of J.ath/rus. 

16. Plants of the mountains, which De Candolle proposes to divide into two sec¬ 
tions: 1. Tliose which gi-ow in alpine mountains, the summits of w'hich are covered 
with perpetual snow, and where, during the heat of suinmor, the.re is a continued and 
abundant flow of moisture, as numerous Saxifrages, {Jenlians, Primroses, and Rhodo¬ 
dendrons. 2. Thi>se inhabiting mountains on which the snow disajijKiars during 
nimmer, as several species ot Snap-dragon, among others the Alpine Snap-dragon, 
Umbelliferous plants, chiefly belonging to the genus ^tseU, meadow Saxifrage, 
Labiate plants, &c. 

C .—Plants GroKtng in Special Localities. 

16. Parasitic plants, which derive their nourishment from other vegetables, and 
which, consequently, may be found in all the preceding situathms; as the Mistleto, 
apecies of OrobancJie, Ctiscuta, (Dodder), Loraiitims, Rapltsia, and numerous Fungi. 

17. Pseudo-paiasitic plants, or Kpiphytes, which live upon dead vegetables, as 
Ijichems, Mosses, &c. or upon the bark of living vegetables, hut do not derive much 
nourishment from them, as EpideiArum, Aerides, and other Orchids, as well as Tli- 
landsia, Bromdia, Pol/ios, and other air-plants. 

0 18. Subterranean plants, or those which live under ground, or in mines and caves, 
almost entirely excluded from the light, as Bgssiu, Truities, and some other Cryptu- 
gamic plants. 
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19. Plants which vegetate in hot springs, the temperature of which ranges from 
80® to 150° of Fahrenheit’s thermometer; as Vitex Agnus-castus, and several Crypto- 
gamoas plants, as Ulm tliermalis, the hot-spring Laver. 

20. Plants which aie developed in artificial infusions or liquors, as various kinds 
of Mucor, causing mouldiness. 

21. Plants growing on Using animals; as species of Splusria and Sarcimla and 
various other Fungi and Alga;. 

22. Plants growing on certain kinds of decaying animal matter; such as species of 
Onggena, found on tlie hoofs of hoi-ses, feathers of birds, &c., some species of Fungi, 
wlfich grow only on the dung of animals, and certain species of Splmkmm. 


1140. Light is an agent that has a powerful influence on plants, 
as regards their vigour, irritability, secretions, and colour. Hence, in 
those regions where the light is intense, the vegetation pr«ents certain 
peculiarities. The luxuriance and greenness of the leaves, the nature 
of the woody matter deposited, of the fruit produced, and of the secre¬ 
tions formed, are all iniluenced in some degree by the intensity of the 
sun’s rays. Little is known in regard to the effects of increased or 
diminished atmospheric pressure on plants. Humboldt believed that 
vegetation was influenced by the amount of atmospheric pressure. 
Further' research has not corroborated his suppositions. The effects 
of the atmosphere have been studied cbiefly as regards dryness and 
moisture, and the mixture of certain gases with it, especially in the 
vicinity of manufiicturing towns 297). 

1141. The effects of climate and season on the leafing, flowering, and 
fruiting of plants, *nay be seen in the case of some species which are 
found distributed over various countries in Europe. Bergliaus has 
made an extensive series of observations on tlie subject. Tlie Lilac 
{^Syvinga vuhjaris), according to him, unfolds its leaves at Naples, in 
latitude 41°, during the first lialfof the month of January ; near Paris, 
in latitude 40°, on the 12th Marcli. The Elder unfolds its leaves 


At Naples. 

At Purl'^. 

In England. 

^ At . . 

The Beech unfolds its leaves 


.January 1-15. 
.Fcbruaiy 14. 
.March 8. 
.March 1-8. 


At Naples...End of March. 

In England.1st May. 

At Upsal.Beginning of May. 


In regard to flowering, Berghaus states, that in the middle latitudes 
of Europe and North America, it is generally four days later for each 
degree of latitude towards tiie north. The same plants flower at 
Zurich 6 days later tlian at I’arma; at Tubingen, 13 days later; at 
Jena, 17; at Berlin, 25 ; at Hamburgh, 33 ; at Greifswald, 36 ; an< 
at Cbrisliania, no less than 52 days later than at Parma. In the Berlin 
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district, an elevation of 1,000 feet renders vegetation 10 to 14 days 
later: so also in regard to fruiting. The wheat harvest begins 


At Naples.,.In .Tune. 

In Central Germany. July. 

In the South of England. August 


Kipe Cherries are to be had 

At Naples. 

At Paris. 

In Central Germany. 

In the South of England.’.. 

II.— Dissemisation of Plants. 

1.—Agents employed in their Dissemination. 

1142. Some plants are dissemin-ated generally over the globe, while 
others are confined within narrow limits. Some of the common weeds 
in Britain, such as Chickweed, Shcpherd’s-purse, and Groundsel, are 
found at the southern e.xtremity of South America. Lemna minor 
and trisulc.a, Convolvulus sepium, Phragmites communis, Cladium, 
Mariscus, Scirpus lacustris, Juncus effusus, and Solanum nigrum, are 
stated by Meycn to be common to Great Britain and New Holland. 
Nasturtium officinale, and Samolus Valerandi, are very e.xtensively 
diffused, and they may be reckoned true cosmopolites. They are both 
natives of Europe, and they occur, the former near Eio Janeiro, the 
latter at St. Vincent. The lower the degree of development, the greater 
Seems to be the range. Some Cryptogamic plants, as Lecanora subfusca, 
are found all over the world, ilan has been instrumental in diffusing 
widely culinary vegetables, such as the potato, and the cereal grains, 
as well as many other plants useful for food and manufacture. Corn 
plants, such as Barley, Oats, Piye, Wheat, Spelt, Kice, Maize, and Millet, 
are so generally cultivated over the globe, that almost all trace is lost of 
their native country. They can arrive at perfection in a great variety 
of circumstances, and they have thus probably a wider geographical 
range than any other kind of plant. As reg.ards these'plants, the globe 
may be divided into five grand regions—the region of Rice, which may 
be said to support the greatest number of the human race; the region 
of Maize; of Wheat; of Rye; and lastly, of Barley and Oats. The first 
three are the most extensive, and Maize has the greatest range of tem¬ 
perature. The grains extending farthest north in Europe are Barley 
and Oats. Rye is the next, and is the prevailing grain in Sweden and 
Norway, and all the lands bordering on the Baltic, the north of Germany, 
and part of Siberia. Wheat follows Rye; it is cultivated in the middle 
and south of France, England, part of Scotland, part of Germany, 
Hungary, Crimea, and the Caucasus. We next come to a district 
where wheat still abounds, but no longer exclusively furnishes bread. 


.First daj’S of May. 
.End of June, 
do. 

,22d July. 
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rice and maize becominp: frequent. To tliis zone belong: Portugal, 
Spain, part of France, Italy and Gixa'ce, Persia, Northern India, Arabia, 
Egypt, the Canary islands, <S:c. Wheat can be reared wherever the 
mean temperature of the whole year is not wniler 37° or 39° F., and 
the mean summer heat, for a period of at least three or four months, 
is above 6.5°. It succeeds best on the limits of the subtropical region. 
In the Scandinavian Peninsula, the cultivation ot Barley extends to 
70° north latitude, Kye to 07°, and Oats to 05°. The cultivation of 
nice prevails in Eastern and Southern Asia, and it is a common article 
of subsistence in various countries bordering on the Mediterranean. 
Maize succeeds best in tlie hottest and dairqiest parts of tropical cli¬ 
mates. It may be reared as far as 40° north and south latitude on the 
American continent on the western side, while in Europe it can grow 
even to 50° or 52° of latitude. It is now cultivated in all regions in 
the tropical and temperate zones, which are colonized by Europeans. 
Millet of diflerent kinds is met with in the hottest jiarts of Africa, in 


the south of Europe, in Asia -Minor, and in the E ist Indies. Henslow 
gives the following table to show the range of Wheat and Barley, and 
the mean temperature required for them;— 

T . 'Winter Sii’tinier j^nninl 

Mem Mr.m. Mt ,ui 

For.^o .llir'.. 


•>) 

.‘lb 

.... 

67.^ Jtiis^ia. 

. 

./lb .. 

lAiirley. 

57^ vSiboria. 

• ... 

..GO .. 

.32 


‘If*. 


.40 5 

6t Korwiiv. 

•J;; . 

..50 

.i 



. 50 .. 


60^ UuRMa. 

,15 ... 

..GO .. 

.v7 j i 

30 Cairo . 

.57 . 


r^.-) -j Wheat. 



..82 .. 

70 

22 llio .Imipiio. 

.bs . 

..78 .. 


23 Ilavaiuiah. 

,71 . 

..82 .. 


21 Ijourbon. 

• 71 . 

..80 .. 

.V7 J J 


Winds, water, and animals, are .also instrumental in disseminating 
plants. Many seeds with winged and feathery appendages are easily 
wafted about; others are carried byr rivers and streams, and some can 
be transported by the ocean currents to a great distance, with their 
germinating powers unimpaired. 

2.—Geneual and Endemic Di.sttubution or Peants. 

1143. While some plants are generally diffused, it is found that the 
different quarters of the globe are. each characterized by more or less 
distinct floras. Europe, Asia, Africa, North America, South America, 
aad Australasia, may be regarded as separate provinces of the vege- 
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table kingdom, possessing species, genera, and families of plants, wliicli 
give to each division its distinctive features. Humboldt and Bon- 
pland, in their travels in equinoctial America, did not see an exogen¬ 
ous plant which was found equally in the New and the Old World ; 
the only plants which they discovered common to both being some 
grasses and sedges. Among 4,100 sjjecies met with in New Holland 
by Brown, ICC only were to be found in Europe. 

1144. Some plants live in society, occupying exclusively large tracts 
of ground, from which they b.inish all other vegetables. These are 
called by Humboldt Social plants. They give a peculiar feature to 
the countries and districts in which they grow. To this class belong 
many species of Seaweed in the ocean; Cladonias and Mcjsse.s in the 
waste levels of Northern Asia; Grasses (Bamboos), and some Cactuses, 
Mangroves, and Aviconnias in tropic.al countries; Ferns in the South 
Sea Islands; Banksia speciosa in New Holland ; Cinchonas in certain 
parts of South Aniciica; Coniferous trees and Birches in the Baltic 
and Siberian plains. 

114.5. Some plants are very much restricted in their distribution 
over the globe; a few are coufined to single localities, while others 
have a limited longitudinal range. The sjiecies of the genus Erica, 
Heath, ivhich extend from northern regions to the Cajie of Good Hope, 
are scattered over a surlace very n.arrovv comjiated to its length ; in 
other words, while their latitudinal range is gieat, tlieir longitudinal 
range is very much restricted. Calceol.irias occur chiefly on the wes¬ 
tern side of the Cordilleras of Chili. Lobelia Dortniaiiiia is found princi¬ 
pally in the western countries of Europe. Camellias are .also limited 
m longitudinal direction, .so also Phalangium bicolor, and Ilayniondia 
pyren.aica. Arbutus L'nedo, Erica mediferranea, and Meiiziesia poli- 
folia, whose cliief seat is in the Pyrenees and the mountains of 
Asturias, migrate in a iiortli-westerly direction, and appear in Ireland. 
It is said that .Azaleas, Bliododendroiis, Magnolias, Vacemiums, Act®a.s, 
and Gaks, which form prevailing genera on the east of the Pocky 
Mountains, scaicely appear on the western side. Epacridacea; are 
confined to New Holland ; Cinnamon, Cloves, and Nutmeg, are the 
produce of the Indian Arcliipelago; Gentians and Saxifiages form a 
characteristic featiiic of tlie European Alps; Bejarias and Cinchonas 
of the Peruvian Cordilleras; Schizaiithuses of Chili; Polemonidceie of 
California and Oregon ; yellow and brown PapilioiiaceT of Australasia ; 
Disa grandiflora is a rare orchid peculiar to 'fable Jiountum at the 
Cape of Good Hope; and Priiiglea antiscorbutica is a cruciferous plant 
peculiar to Kerguelens-laiid. It is said that Origanum Tonrnefortii 
is found only in a small island in tlio Grecian Archipelago, 'fhe 
vegetation ot islands removeu from continents presents often peculiar 
features, the ocean acting as a barrier to the dissemination of plants. 
The island of St. Htdena was originally inhabited by a most peculiar 
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vegetation, although its productions now are completely changed by 
the destruction occasioned by cattle, and by the introduction of Euro¬ 
pean and other plants, especially fruit trees. Such may also be said 
of the plants found in the Sandwich Islands, the Society Islands, and 
the Canaries. The island of Madeira has 672 Phanerogamous plants, 
of which 85 are peculiar to it. 

8.-CONJECTUKES AS TO THE MoDE IN WHICH THE EAETU WAS OniGlSALl.T 

Clothed with Plants. 

1146. It is an interesting question to determine the mode in which 
the various species and tribes of plants were originally scattered over 
the globe. Various hypotheses have been advanced on the subject. 
Linnaeus entertained the opinion, that there was at first only one primi¬ 
tive centre of vegetation, from which plants were distributed over the 
globe. Some, avoiding all discussions and difficulties, suppose that 
plants were produced at first in the localities where they are now seen 
vegetating. Others think that each species of plant originated in, and 
was diffused from, a single primitive centre, and that there were numer¬ 
ous such centres situated in difi'eient parts of the world, each centre 
being the scat of a particular nundier of species; they thus admit great 
vegetable migrations similar to those of the Iniman races. Those who 
adopt the latter view, recognize in the distribnlion of plants some of 
the last revolutions of onr planet, and the action of numerous and 
varied forces which impede or favour the dissemination of vegct-ihles 
in the present day. They endeavour to ascertain the primitive flora 
of countries, and to trace the vegetable migrations which have 
taken place. Daubeny says, that analogy favours the supposition 
that each species of plant was originally formed in some particular 
locality, whence it spread itself gradually over a certain area, rather 
than that the earth was at once, by the fiat of the Almighty, 
covered with vegetation in the manner we at present behold it. The 
human race arose from a single pair, and the di.stribution of plants 
and animals over a certain definite area, would seem to imply that 
the same was the general law Analogy would lead us to believe, 
that the extension of species over the earth originally took place on 
the same plan on which it is conducted at present, when a new island 
starts up in the midst of the ocean, produced either by a coral reef or 
a volcano. In these cases the whole surface is not at once overspread 
with plants, but a* gradual progress of vegetation is traced from the 
accidental introduction of a single seed, perhaps of each species, wafted 
by winds, or floated by the currents. The remarkable limitation of 
certain species to single spots on the globe, seems to favour the suppo¬ 
sition of specific centres. Professor E. Forbes says, the hypothesis of 
the descent of all the individuals of a species, either from a first pair or 
from a single individual, and the consequent theory of specific centres 
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being assumed, the isolation of assemblages of individuals from their 
centres, and the existence of endemic or very local plants, remain to be 
accounted for. Natural transport, the agency of the sea, rivers, and 
winds, and carriage by animals, or through the agency of man, are 
insufficient means in the majority of cases. It is usual to say, that the 
presence of many plants is determined by soil or climate, as the case 
may be; but if such plants be found in areas disconnected from their 
centres by considerable intervals, some other cause than the mere in¬ 
fluence of soil or climate must be sought to account for their presence. 
This cause he proposes to seek in an ancient connection of the outposts 
or isolated areas with the origintil centres, and the subsequent isolation 
of the former through geological changes and events, especially those 
dependent on the elevation and depression of land. Selecting the flora 
of the British islands for a first illustration of this view, Professor 
Forbes calls attention to the fact, well known to botanists, of certain 
species of flowering plants being found indigenous in portions of that 
area, at a great distance from the nearest assemblages of individuals of 
the same species in countries beyond it. Thus, many plants peculiar 
in the British flora to the west of Iixdand, htive the nearest portion of 
their specific centres in the north-west of Spain; others, confined with 
us to tlic south-west ])romontory of England, are, beyond our shore.**, 
found in the Chaunel Isles and the opposite coast of France; the vege¬ 
tation of the south-east of England is that of the opposite part of the 
continent; and the Alpine vegetation of Wales and the Scotch High¬ 
lands is intimately related to that of the Norwegian Alps. The great 
mass of the British flora has its most intimate relations with that of 
Germany. He believes, therefore, that these isolated outposts were 
formerly connected together by cliains of laud, aud that they have 
been separated by ceitaiu geological convulsions. Islands may be 
considered as the remains of mountain chains, part of the flora of which 
they still exhibit, and the further they are from continents, the more 
likely are the plants to be peculiar. 

1147. All the vegetable productions of the globe are distributed 
according to harmonious laws, which arc by no means fully developed. 
The greater number of families is distributed over the whole globe; 
individual rei)resentatives of the groups appearing in different regions. 
The regions of the globe, as regards their vegetable productions, are 
related either in the families, the genera, or the species of plants 
which they produce. By familirs. Hinds remarks, the most distant or 
general resemblances are established, coiistitiitiiig analojt/. One family 
may occupy tlie place of another in certain regions. Thus, the Me- 
sembryaceai! of South Africa ar*' represented in America by Cactacets; 
and in the south of Europe, only by a few species of Sempervivum and 
Sedum. By genera, a closer appro.ximation is established—that of 
affinity. The Cistuses of Spain and Portugal are represented by th« 
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HeliantLemurn of the north of Europe; and the genera of Abies and 
]‘inus, in arctic and temperate regions, have their representatives in 
the genera Araucaria, Ephedra, and Dammara of the south, Bj' 
epecicK again, the most perfect accordance of characters or identity is 
iistablished. 

1148. Meyen states, that the species of a genus, and genera, and 
natural orders, proceed from a point, and range themselves round it 
in concentric circles, or spread out from it like rays in all directions; 
or are distributed in belts of greater or less breadth, which are parallel 
to the meridians, or to the parallels of latitude. A genus or family 
predominates in certain regions, and attains its maximum there, while 
in others it is at its minimum. Hence, regions are distinguished by 
the names of plants which attain their maximum there. Palma;, Mu- 
sacese, Piperacea?, and Scitaminca;, attain their maximum in the torrid 
zone, although representatives of them extend to high latitudes, or to 
the temperate zone. Thus, the Palm called Chanisrops humilis is 
found in 49“ north latitude. '1 he Erieacem of the old world have their 
maximum in the south of Africa. A single form, Galkina vulgaris, 
common Heather, is predominant inthenoith; and a shrubby species, 
Erica arborea, represents the order in the south of Europe. Acacias 
attain their maximum in New Holland, while Acacia heterophylla 
represents the family in the Sandwich Islands. The Lauracete of the 
tropics have Laurus nobilis as their representative in Europe. 

« 

i .—DisriiiucTiON OK Plants considerkd 1’iivsioonomically and 
Statistically. 

1149. The distribution of plants over the globe may be considered 
either Physiognomically, as regards the prevalence of certain vegetable 
forms vrhich give a general character to the landscape of a country; 
or Statistically, as regards the numerical proportion which different 
groups bear to each other, or to the whole known plants. 

1150. PhYBiosaontY of Vt-goaiion.— In prosecuting this department 
of botanical geography, it is necessary to specify those vegetable forms 
which give a character to the landscape. This has been done more 
especially by Meyen, who gives the following series;— 

1. Gramineous or Grassy Form. Tliis is Illustrated in northern countries hy 
meadows and pasture-s. The cereal grains also have a great influence on the asjicct 
of countries. Under this form are included Cyperacea;, Kestiaceie, and .Juncaceai. in 
the torrid zone some arborescent forms occur, as liamhoo; and along with those are 
associated Sugar-cane and liice. Barley is an extra-tropical form, -while Care.\ ex¬ 
tends to cold regions. 

2. Scitamineous Form. Tills Inciudes the Ginger, Arrow-root, and Plantain 
family, some of which attain a large si/.e. They contribute to give a character to the 
torrid zone. 

.T, Pandanu-s or Screw-pine Form. A tiopical form illustrated by Screw-pines .and 
UraciEnas. 

4. I’ine-apple Form. Illustrated by the Bromdiaccx* of n arm climes 
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6. The Agave or American Aloe Form. Chiefly tropical and subtropical. 

6 The Palm Form. Under this are included also the Cycadueeous family. They 
give a character to the hotter logions of the globe. Some of the Palms are social, as 
the Date and Coco-nut. Chamaerops humilis represents this fbnn in Europe. 

7 . Filical or Fern Form. True Ferns, m an es|K;cial manner, aflect the laiidsc^ 
in trofiical and Mann regions. 

8. Mimosa Form. 'J'iiis include.s Leguminous plants in general. The finely cut 
foliage of some has a resemblance to Ferns. Modifications of thl^ form occur both in 
warm and cold regions. Acacias in New' HolLud give a peculiar feature to tlie 
lamlscape. 

9. Coiiifenms Form. The Abietinete arc characteristic of northern regions, and 
the Cujire^sincJE of southern. 

10. The, rrot('a, K[>acrLs, and Erica Forms. These forms supply the place of Coni- 
ferse in the southern liomispliore. Hie Prolea and Epacris fonus occurring in Austral- 
a.sia, and the Erica fonn at the Ca)>e of Good Hope. 

11. Myitlc Form. Some of these, such as Melaleuca and Eucalyptus, characterize 
New Holland scenery; others, .is Guavas, aix: ti\i]>icaL 

12. Forms of Dicotyledonous tiocs. Some M ith broad and tender leaves, as Birch, 
Alder, Poplar, Oak, Lime, Elm, Beech, and llorse-chostnut, giving a character to the 
jdiysiognomy of the coMei half of temperate climates; while otliers, with thick, 
leather^', and showy leaves, as Olives and Laurels, are chujacteristic of wanner 
climates; and a thiid divEion, with large, beautiful leaves, t’eciopia, Artocaritus, 
aud Astrapa‘a, aboiuid in the liottest climates 

13. Cactus Form, TIils form is developed chiel]\ in America, especially in 
Brazil. 

14. Form of Succulent plants. Seen in the Meseinbryace® of South Africa. 

lo. Lily Form. This includes Liliaeea*, Auiarillidaccse, aud liidaccje. Modifi¬ 
cations of this form occur in warm aud temperate climaies. 

IG. Forms of Lianas or Climbing-plantThe'^e i«)rms are obiefly tropical, and 
are illustrated by Passion-flowers, ruiillmias, Aiistolocliias, and Bauhunas. 

17. I'othos Form. 'J'hLs is a tropical form, and is illustrated by ^a]io^s -species of 
Araceie. 

18. Orclndcous Form. Tliis is seen in the splendid Epiphytes of warm climates 
Terrestrial species chiefly occur in cold zones, 

19. The Moss Form. 

*20. The Lichen Fonn. Both these forms characterize cold regions chiefly. 

Besides the forms of plants, it is found that the prevalent colours- 
sometimes give a character to the vegetation, W'hite oi pale-coloured 
flowers are said to be more abundant in northern l.itii.udes than in the 
tropics, and in alpine situations they are of more flequent occurrence 
than in the plains. The xanthie series of colours. Hinds states, is 
abundant within the tropics in the autumn, on tlie plains over the 
mountains. The flowers of the cyanic series, especially intense blues 
and violets, deliglit in the clear skies of subtropical regions. Hinds 
gives the following tabular view of the relative proportion of colours: 
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Gcyer says, that vivid colours mark the basaltic plains of Upper 
Oregon; blue and purple, eastward; scarlet with golden-yellow, west¬ 
ward ; glaucous green reigns in the herbage over the plains; deep 
saturated green in the valleys. 

1151. Statisiicn of Vegetation. —The number of known vegetable 
families differs in different latitudes. In examining the distribution 
of the great classes of the Vegetable Kingdom, it will be found that 
certain relative numerical proportions have been ascertained. It is 
not easy to estimate the proportion which Cryptogamous bear to Pha¬ 
nerogamous plants. From data already given, it may be estimated 
that the proportion for the whole world is as 1 to 7. This proportion 
varies in dilferent regions; the Cryptogamous plants increasing in 
their proportion in the northern parts of the temperate zone. Ferns 
are to known Phanerogamous plants as 1 to 20. This proportion is 
least in the middle of the temperate zone, and becomes larger towards 
the equator, and towards the poles. Ferns, however, attain their ab¬ 
solute maximum at the equator, and their absolute minimum in the 
arctic zone. At North Cape, there are only four species of Ferns 
found, and j'et their propoition to riiancrogamia is 1 to 7 there; and 
in Greenland, 1 to 10 (Meyeii). Humboldt says, that in the torrid 
zone, Jlonocotyledons are to Dicotyledons as 1 to 0 • in the temperate 
zone, as 1 to 4; and in the arctic zone, as 1 to 3. Monocotyledons 
increase in proportion to Dicotyledons as the latitude becomes higher. 
Some natuidl orders are very generally diffused, as l.eguminoste, Mal- 
vaceffi, Panunculaceai, Caryophyllaccae, Crucifer®, and Umbelliferae. 
Cellular plants have also a wide range, and so have aquatics. Jun- 
caceae, Cyperaceee, and Gramine®, increase in proportion to all the 
Phanerogamous plants, as the latitude becomes higher; while Kesti- 
ace®. Lpgumiiios®, Euphorbiace®, and Malvacc®, decrease. Crucifer®, 
Umhellifeiu', and Oonqio.siUe, are highest in their proportion in the 
temperate zone, diminishing towards the equator and the poles. Hinds 
gives, the following statement as to ccitaiu families which are almost 
exclusively confined to one of the six great divisions of the globe :— 

In Europe,—Gloliulirrinccaj a seel ion of Sclaginncete, Ceratoplij Uacoa:. 

In Asia,—Djpteioearpacea', Aquilariacca.', CameUiaceoe, Moungaceos, StEigin- 
aceic. 

In Afiicn,—Bnini.act'iv, Brexiacew, Bulviaiacea', Pcnasacoas. 

In North .America,—Sarraceniace®. 

In South America,—Uliizobolace.v, Moniniiace®, Simaruhacete, Vochysiaceso, 
Cab coraci'SE, Escalloniacca!, Huniiriacetti, Lacistomacea:, I’apayacese, Gilhesiacetc, 
Gcsnei-acp®. 

In Australasia,—Tremandracoa!, EpacriJacese, Goodeniacese, Stackhousiacea;, Bru- 
aoniacc®. 

lie also gives the following list of natural orders, as prevailing in the 
northern hemisphere and southern hemisphere:— 
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In the northern lietnisphere, the following natural orders abound, or are predoml- 
nautAccracete, Aurantiacese, Artocariieae a section of Urticaceae, Amentacese, 
Berberace®, Boraginacea', Caryophyllacea:, Cistaceas, Cruciferss, Conifers;, Campanu- 
laceoe, Caprifoliace», Dipsacacese, lilaeagnaceoe, Kumariaces', Grossulariacea;, Ilyperi- 
caceas, Hippocastanea; a section of Sapiudaccse, Haniamelidacea;, Magnoliaccc, 
Onagracea;, Orobanchacea;, Papaveracese, Rosacea;, Kanunculacea:, Kutacese, 
Kesedacete, Saxifragace*, Umbelliferre, Vacciniaccas, Alismacea;. 

In tlie southern hemisphere, the following natural orders are predominant:— 
Athcrospcrmacea;, Cactacea;, Crassulace®, Capparidacca:, Diosmc® a section of 
Kutaccffi, Dilleniacc®, Ceraniacca;, IlcUotropem a section of Klireliacca;, MjTtaceae, 
Melastomacoa;, Mesembryace®, Myoponnea; a section of Verbenace®, Malpigliiaccso, 
Oxalidacea;, Pittosporaccoe, I'olygalacca;, Proteacca;, Sca;volea‘ a section of Goodeni- 
ace®, Spigelcte a section oWhoganiaccae, Stylhliace®, Aniarylhdacejc, Ilaniodoracea;, 
Iridaco®, Restiace®. 

It is sometimes difficult to tell in wliat division of tlie globe a family 
may be said to be chiefly represented, inasmuch as the species and 
genera are nearly eqnal in different countries. When a group of 
plants occurs only in one of the six great divisions of the globe, it is said 
to be monomic {ftiao;, one, and a region). Thus, Vochysiacem, 
being confined to South America, is a monomic family; and Cliffortia, 
whose shrubby species are all indigenous to Sniitb Africa, is a monomic 
genus. Again, ti natural family, common to all the divisions, is poly- 
nomic ; and so also genera, as Viola or Rtmunculus. If restricted to 
two or more divisions, the groups are dinomic, ti'inomic, &c. Acer- 
acca), found in Europe, Asia, and North America, are trinomic. 

5.—PiiTTO-CEOouAriiicAi. Division of the Globe. 

1152. The subject will be considered in two points of view;—1. In 
respect to the horizontal or latitudinal range of vegetation; and 2. 
In respect to its vertical or altitudinal range. 

1153. iiorizonini jRaug« of t’egctatioii*— Various attempts have been 
made to divide the globe into zones or kingdoms, founded on the char¬ 
acters impressed upon them by the nature of the vegetation. Willde- 
now, Treviranus, De Candolle, Schouw, and Meyen, have each pro¬ 
posed arrangements. Those of Schouw and Meyen chiefly deserve 
attention. 

4154. Schouiv, in his divisions, proceeds on the principle of the 
predominanae of certain characteristic forms or families of ])lants. His 
system is founded on the three following requisities :—1. That at least 
one-half of the known species of plants of that part of thq. earth, consti¬ 
tuting a boGanical region, should be peculiar to it. 2, That one-fourth 
part of the genera of the region should be peculiar to it, or at least should 
have so decided a maximum as to be only represented in other regions. 
3. That individual families ohould either be peculiar to the region, or 
at least reach their maKimuin in it. The regions are divided into pro¬ 
vinces according to minor differences in the vegetation j one-fourth 
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of peculiar species, or some peculiar genera, being suiScient to form a 
province. 

1155.— Schouw’s Phyto-Geographic Regions. 

1. The llegion of Saxifragacem and Musci, ot ihn Alpine Arctic 

Flora.—This region is characterized by the abundance of Masses and 
Lichens, the presence of Saxifragacew, Gentianacece, Caryophyllacea:, 
Cyperaccce, Salices; the total absence of tropical families; a notable 
decrease of the forms peculiar to the temperate zone; by forests of Fir 
and Birch; the small number of annual plants, and the prevalence of 
perennial species; and finally, a greater liveliness in their simple 
colours. In this region there is no cultivation. 'I’he region is divided into 
two provinces:—1. The province of the Carices, or the Arctic Flora, 
which comprehends all the countries within the polar circle, with some 
parts of America, Europe and Asia, wliich are to the south of it, more 
especially Lapland, the north of liussia, Siberia, Kamtschatka, New 
Biitain, Canada, Labrador, Greenland, and the mountains of Scotland 
and Scandinavia, mean temperature 36° to 41°. 2. 'J'he province of 

pj-inmlacecB and Phyteuniw, or the Alpine Flora of the south of Europe, 
which embraces the flora of the Pyrenees, Switzerland, the Tyrol, 
Savoy, the mountains of Greece, the Appenines, and probably the 
mountains of Spain. Mean temperature, 47° to 66°. 

2. The Region of Umbe/life^-ct and Cruciferoe .—These tribes are here 
in much greater number than in any other region ; liosaceee, Eanun- 
culacecB, Fungi, Amentaccce, and Conifcrai, likewise very numerous; the 
abundance of Carices, and the fall of the leaves of almost all the trees 
during winter, form also important features of this division. It may 
be separated into two distinct provinces:—1. The province of the 
Cichoracece, which embraces all the north ol Eurojie, not comprehended 
in the preceding region, namely, Britain, the north of France, the 
Netherlands, Germany, Denmark, Poland, Hungary, and the greater 
jtart of European Russia. 2. I'ho province ol' the Asti agali, Halophyta, 
and Cynarocepfialm, which includes a part of Asiatic Russia, and the 
countries about the Caucasian and Altai mountains. Mean tempera¬ 
ture, 36° to 57°. The cultivated plants are—Rye, Barley of different 
kinds. Oats, Wheat and Sj>elt, Maize, Millet, the Potato, Buck-whtat, 
Apple and Pear, Quince, Cherry, Plum, Apricot, Peach, Mulberry. 
Walnut, Vine, Gooseberry and Currant, Strawberry, Cucumber and 
ilelon. Cabbage, Mustard, Pea, Bean, Beet, Spinach, Carfot, Flax, 
Hemp, Trefoils and Vetches, Rye-grass, &c. 

3. The Region of [.ahiala, and Caryopihyllaceoe, or the Mediterranean 
Flora.—It is distinguished by the abundance of the plants belonging 
to these two orders. Composike, Galiacece, DoraginacecB also occur in 
considerable quantity. Some tropical families%re also met with, such 
fis Palms, Laurels, Aracece^ Anacardiaceco, grasses belonging to the 
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genus Panicum (millet), and some Cyperacem. Solanacece, Malvaceae. 
Leguminoso?, Uriieaceae, and Euphorhtacefp increase. The forests are 
composed chiefly of Amentacece, and Coniferce, as birches, oaks, firs, 
&c., the copses, of Ei-icacece (the heath tribe,) and Anacardiacea, a.s 
the mastich. We meet in this region with a great number of ever¬ 
green trees. Vegetation never ceases entirely, but verdant meadows 
are more rare. Schouw divides this region into five provinces:—1. 
The province of the Cistuses, including Spain and Portugal. 2. The 
province of the Salmrc and Scabioscc, the south of France, Italy, and 
Sicily. 3. The province of the Shrubby Labiatw, the Levant, Greece, 
Asia Minor, and the southern part of the Caucasian countries. 4. The 
Atlantic province, the north of Africa, of which he does not yet know 
any distinctive character. ,’5. The province of Semperviva, the Canary 
Isles, and probably also the Azores, Madeira, and the north-west coast 
of Africa; many Semperviviirns, and some Euphorbias: with naked and 
spiny stems particularly characterize this province. Etica arborea, 
and Pinus camriensis are found here. Mean temperature, 54“ to 72". 
Cultivated plants are the same as in the second region, with the addi¬ 
tion of Ivice, Guinea Corn, Italian Millet, Fig, Almond, Orange and 
Lemon, Wafer Melon, Olive, Cotton. Kye and Buckwheat are only 
cultivated in the mountainous regions 

4. The Region of Asters and Bolidngos. —This is marked by the great 
number of species belonging to these two genera, by the great variety 
of Oaks and Firs, the sm:ill number of Criiciferce and UmbelUferoe, Ci- 
choracem, and Cynaroccphalce, the total absence of the genus Erica., or 
heath, and the presence of more numerous species of Vaccinium, or 
whortleberry, than are to be met with in Europe. It comprehends 
the whole of the eastern part of North America, with the e.xception of 
what belongs to the first region. It has been divided into two pro¬ 
vinces;—1. That of the south, which embraces the Floridas, Alabama, 
Mississippi, Louisiana, Georgia, and the Carolinas. 2. That of the 
north, which includes the other states of North America, such as Vir¬ 
ginia, Pennsylvania, New York, &c. Mean temperature, 54" to 72°. 
In the northern distiicts, down to the parallels of 55° or 50°, there is 
np cultivation. South of this line, the cultivation is the same as in the 
second region. Maize is cultivated to a greater extent in North 
America tlran in Europe. 

6. 'fihe Region of Magnolias, comprising the most southern parts of 
North America, between 36° and 30°. The tropical forms which show 
themselves more frequently than on a similar parallel of the old con¬ 
tinent, are the chief ffiatnre in the vegetation. Thus we meet with 
Anonacece, Sapindacecc, MAastornaceo’, Cactaccce, and Zingiberacece. 
This region has fewer LaUake and Ca-yophyllacem than occur in cor¬ 
responding latitudes in the Old World. It presents more trees with 
fine blossoms, and shining, sometimes pinnated, leaves, as Mangolia, 
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Tulip-tree, Horse-cbe'stnut, Eobinias or False A cacias. Mean tempera¬ 
ture, 59° to 72°. Tlic same plants cultivated as in the third region. 
Eice is much cultivated. In the southern district, the Sugar-cane is 
productive; and, in the eastern districts. Cotton is grown to a great 
extent. 

6. The Eogion of Camelliacece and Celasfracew, or the Japanese re¬ 
gion.—This region is as yet too little known to enable us to determine 
accurately its characteristic features. It embraces the eastern tem¬ 
perate part of the old continent, namely Japan, the north of China, 
and Chinese Trirtary, between lat. 30° and 40° north. Its vegetation 
appears to occupy a middle place between that of Europe, and that of 
North America, approaching more to the tropical than to the European. 
It has an afiinity to the Indian Flora, as shown by the occurrence of 
Bananas, Palms, Zingiberacece, Anonacew, Sapindacece, and Ci/cadacece. 
We meet with Eriohotryajaponica or Loquat, Tea, and various species 
of Citrus. Mean temperature, ,54° to 68°. The cultivated plants are 
•—Eice, Wheat, Barley, Oats, Tilillet, Buckwheat, Apple and Pear, 
Quince, Plum, Cherry, Apricot, Poach, Loquat, Orange and Shaddock, 
Melon, Tea, Hemp, Paper-Mulberry, Cotton, and False Sago. 

7. The Ilcgion of Zingiha'acea, or the Indian Flora.— ZingiberaceCB 
here are much more numerous than in America, as well as Leguminosce, 
Cucurhitucecc. and Tiliaccer, although in a loss degree. In consequence 
of the imperfect state of our knowledge, we cannot subdivide this re¬ 
gion into provinces. It comprehends India, east and west of the Ganges, 
the island of Ceylon and the south-eastern Peninsula, to the height of 
4,500 to 5,500 feet above the level of the sea. Mean temperature, 
65° 75' to 81° 50'. The cultivated plants are—Eice, Coco-nut, Tama¬ 
rind, Mango, Ginger, Cinnamon, Mangostcen, Peppers, Indigo, Cotton, 
Coffee, Bananas, Guava, Orange and Shaddock, Sugar-cane, Cloves, 
Turmeric. 

8. The Emodic Region, or the Mountains of India.—This comprises 
the Alpine region south of the ridge of the Himalaya. It includes 
Sirmore, Gurwal, Kamaon, Nepal, and Bhotan, to a height of from 
4,600 to 10,700 feet above the level of the sea. Some tropical plants 
grow in the lower parts of the region. Deodar, Pinus excelsa, Webbiana, 
and other Conifaw^ure mot with. Mean temperature, C6° to 37°. Some 
European grains and fruit are cultivated, along with MouStain Eice. 

9. The Region of the Asiatic Islands.—This includes the mjpntain- 
ous districts of the islands between the south-eastern Peninsula and 
Australia, to tlie height of 5,500 feet above the level of the sea. Mean 
temperature, 66° to 84°. The cultivated pfcints are those of the 
Indian region (7); also, Bread-fruit,Cassava, Nutmeg,Camphor, Papaw, 
and Dammar. 

10. The Region of Upper Java.—This embraces those districts of 
the island of Java and the islands of the Indian Archipelago which 
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Lave an elevation of 5,500 feet above the level of the sea. The vege¬ 
tation of this region has not been sufficiently ascertained. 

11. The Polynesian Region.—This includes all the islands of the 
Pacific Ocean within the Tropics. Mean temperature, 72° to 82°. 
The cultivated plants are—Bread-fruit tree, Coco-nut, Double Coco¬ 
nut, Yams, Plantain, Cabbage, Palm, Paper-Mulberry. 

<2. The Region of AymridacciB, or of Balsam trees.—This compre¬ 
hends the Persian or Arabian Flora, especially the south-western part 
of the highlands of Arabia or Yemen. In this region are many trees 
yielding gums and balsamic resins, as species of Mimosa. Acacia, Bal- 
samodendron, Boswellia. Cultivated plants .are—Blaize, Millet, Date- 
palm, Coco-nut, Fig, Apricot and Peach, Plum, Apple, Quince, Vine, 
Coffee-tree, Tamarind,Papaw, Sugar-cane, Ginger, Cotton, and Indigo. 

13. The Desert Region.—^I'his includes Northern Africa, to the 
south of the mountains of Atlas, between lat. 30°and 15° N., and the 
northern part of Arabia. Phomix dactylrfira, or the Date-palm, and 
Ciicifei'a thebaica, or Doom palm, are found here, but little is known 
in regard to the vegetation of the region. Mean temperature, 72° 
to 86°. Cultivation is confined to the valley of the Nile and the Oases. 
We meet with Guinea Corn, Wheat and Barley, and the South Euro¬ 
pean and Indian grains. 

14. The Region of Tropical Africa.—This includes that part of 
Africa lying between the parallel of 15°, and the tropic of Capricorn, 
or between the northern and southern limits of periodical rains, with 
the exception of Abyssinia and the unknown countries of the in¬ 
terior. The Flftra of the western jiart of this region is characterized 
in part by Adcmsoiiia, or the Boabab, one of the largest known trees. 
We also meet with tljc E/ais guincoisis, a jialm which furnishes oil. 
Other characteristic plants are Sarcoccphalits esculentus and Schmiedelia 
afi'icana. The vegetation of Guinea and Congo is a mixture of the 
Floras of Asia and America, though most resembling the former. The 
eastern part of the region, including Madagascar, has a peculiar 
Flora, distinguished chiefly by the genera Daiiais, Amhora, Dontbeya, 
Dufourea, Dklymomeks, and ienacea.. Mean temperature, 72° to 86°. 
Cultivated plants: Maize, Rice, Guinea Corn and Millet, Yams, Cas¬ 
sava, Banana, Mango, Papaw, Pme-Apple, Cashew, Tamarind, Coffee, 
iSugar, Cotton, Ginger, Cardamoms. Earth-nut. 

. 15. Th«, Region of Caciacecc and Piperacem. — This embraces 
Mexico, New Grenada, Guiana, and Peru. These natural orders are 
here predominant, both as regards the number of species and the in¬ 
dividual plants. Murichi or Ita Palm, P/n;telej>has or Ivory Palm, and 
Victoria regia, are found in this rogion. Mean temperature, 68® to 86®. 
Cultivated plants: Maize, Guinea Corn, Cassava, Yams, Batatas, 
Arracacha, Arrow-root, Plantain, Mango, Custard Apples, Guava,' 
Coco-nut, Papaw, Avocado Pear, Pine Apple, Cashew, Tamarind. 

2 D 
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Grenaailla, Vine, Indian Fig, Jambos, Chocolate, Vanille, Cofft-e, 
Sugar, Capsicum, Cochineal-Cactus, Cotton, hartb-nut. 

16. The Region of the Highlands of Mexico.—This embraces the 
districts which have an elevation of more than 5,500 feet above the 
level of the sea. Many European plants are cultivated here, as well 
as Maize. Pintts religiosa and other Conijerce are found. Mean tem¬ 
perature, 78° to 64°. 

17. The Region of Cinchonce, or Medicinal Barks.—Tliis comprises 
a part of the elevated regions or Cordilleras of South America, in¬ 
cluded in the torrid zone, the Andes from 5,500 to 9,000 feet. The 
Cinciwna belongs exclusively to this region, and forms its principal 
feature. In the higher regions the Potato and Quinoa are cultivated, 
as well as some European grains and fruits. In the lower districts, 
Maize and Coffee are still cultivated. Mean temperature, 68° to 59°. 

18. The Region of Escalloniw and Calcedwice. —It embraces the 
highest parts of South America, or that portion of the chain of the 
Andes, which has more than 9,600 feet of elevation. Besides the 
plants mentioned, we meet with alpine plants, as Saxifrages and 
Gentians, and species of Draba, Arenaria, Carex, Lobelia, and Salvia, 
besides some European genera belonging to the orders GramineoB and 
Cwlioraceoe, such as Bromus, Festaca, Poa, Apargia, and Hypochceris. 
Mean temperature, 59° to 34°. 

19. The West Indian Region.—^This includes the whole district of 
the Great and Little Antilles. Bananas, Plantains, Mangos, Guava, 
Avocado Pear, Tamarind, and many other useful plants are met with. 
The Flora is intermediate between that of Mexico and the northern 
parts of South America. Mean temperature, 59° to 78°. Cultivated 
plants the same as those in the fifteenth region. 

20. Region of Palmce and Melastomacece. —It embraces Brazil and 
that part of South America which lies to the east of the chain of the 
Andes, between the Equator and the Tropic of Capricorn. Vellozia 
and Liehnophora give a decided feature to the peculiar vegetation of 
some of the mountainous parts. Here, also, numerous large peculiar 
species of Eriocaulon occur. Species of Croton, Borstenia, and Heli- 
conia are also met with, along with arborescent Solanums. In place 
of the few mosses and lichens which cover the trunks or brandies 
of forest trees in temperate climes, in Brazil they are bearded from 
the roots to the very extremities of the smallest branches with 
Ferns, Aracese, Tillandsias, Cactuses, Orchids, Piperoraias, and Ges- 
neras. Mean temperature, 59° to 82°. Same plants cultivated as in 
the fifteenth region. 

21. The Region of Arborescent Compositce _The great number of 

arborescent Compositoe, and of plants belonging to the order Caly- 
ceracece, forms the chief feature of this Flora, which approaches in a 
remarkable mapner to that of Europe, whilst it differs entirely from 
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tlie floras of Cliili, tTie Cape, and New Holland. This region com¬ 
prehends the lower part of the basin of La Plata, and the plains which 
extend to the west of Buenos Aj’res and Chili, between the Tropic of 
Capricorn and latitude 40° south. (The Flora of Chili approaches 
that of New Holland, the Cape of Good Hope, and New Zealand, in 
Goodenia, Araucaria, Proteacece, Gmtura, Ancktrum.) Mean tem¬ 
perature, 69° to 76°. European plants form here objects of culture. 
Wheat, the Vine, and the Peach, are widely extended. 

22. The Antarctic Eegion.—'J'his includes the countries near the 
Straits of Magellan, Terra del Fuego, and the Falkland Islands. There 
is a considerable resemblance between the vegetation here and what is 
seen in the north temperate zone. Polar forms display themselves in 
the species of Saxifrage, Gentian, Arbutus, and Primrose. There is 
also a resemblance between the plants of this region and those of the 
mountains of South Ameiica, of Chili, the Cape, and New Holland. 
Fagns aniaictica and Winter’s Bark occur here. Many of the com¬ 
mon British weeds are found at the southern extremity of South 
America. In the Falkland Islands is found Dactylls cmspiiosa, the 
IWac grass, which furnishes most valuable fodder. Mean tempera¬ 
ture, 41“ to 46°. No cultivation. 

23. The Eegiou of Mesembryanf^ma and StapdicB. —These two 
genera, as well as the Ericea, Heaths, are very abundant. The latter 
family is found in greater quantity here than anywhere else. The 
region embraces the southern extremity of Africa. Iridacear, Pelar~ 
goniums, Aloinew, Brmiiacea;, aaA Selaginacete, and various Gnaphal~ 
turns and Elichrysums, occur in this region. Mean temperature, 
66° to 73°. Cultivated plants: European kinds of grain, fruit, and 
vegetables; also Batatas, Plantains, Tamarind, Guava, and Shad¬ 
dock. 

24. The region of Epacridacem and Eucalypti. —It comprehends 
the temperate parts of New Holland and Australia bej ond the tropics, 
with the Island of Tasmania or Van Diemen’s Land. Besides the 
plants whence it receives its name, it is characterized by the orders 
Btackhousiacea and Trcmandraceai, and by the presence of a great 
number of Proteacece, Myrtacece, Stylidiacece, Restiacece, Diosmece, Casu- 
orintcB, and Acacias. Araucaria, or Eutassa excelsa, the Norfolk Island 
Pine, forms one of the features of the region. It is one of the most 
jieculiar Floras. Mean temperature, 52° to 72°. In the British Co¬ 
lonies, the European kinds of grain ^nd fruit are cultivat' d 

26. The Region of New Zealand.—This Flora, besides the plants 
peculiar to New Zealand, as Phormium tenax. New Zealand Flax, com¬ 
prehends several others which belong to the extremities ol America, 
Africa, and Australia. We find in these islands Corypha australis, 
the Australian or Southern Palm, Tree Ferns, and Dracanas, forests 
of Dammara australis, one of the Conijerae, and many MyiUiceas. 
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Mean temperature hettreen latitude 34 " and 36 ° aonlh, from 61" to 
66 °. Many of the European plants are cultivated, * 

1156. Meyen divides the horizontal ranfte of vegetation into zones, 
faking for his basis the three ordinary divisions of the torrid, the 
temperate, and the frigid zone, and subdividing each hemisphere 
into eight smaller zones. 

1157.— Meyen's Phyto-Geographical Zones. 

A —TORmn ZONE. 

1. Equatorial Zone.—This extends 15“ on both sides of the equator, 
and has a mean annual temperature of 78^“ to 821“ F. The forms 
characteristic of this zone are chiefly Palma), Musacere, aborescent 
Uraminea), Pandanus, Scitamincte, Orchids, and Lianas ; besides plants 
belonging to the orders Malvacem, Anonacea', Anacardiaceie, Arto- 
carpeie a section of Urticaceae, Lecylhidaceie, Jlalpighiaccse, Sapin- 
dacea;, Caesalpiniete a section of Leguniinosso, Cedrelacem, and many 
others. 

2. The Tropical Zone.—This reaches from the 15th degree on each 
.side of the equator to the tropics, in 2d“ latitude. Mean temperature 
73|-“ to 78^“. Summer tempera|pre, 80^" to 8(5°; -winter tempera¬ 
ture in the eastern coast countries, 5!)". Besides many equatorial 
forms, as Palms, Musacese, Scitainineso, Meliacete, Anonacese, Sapin- 
dacea?, Orchidacea), Araccte, and Lianas, there are in this zone Tree- 
ferns, and plants belonging to Convolvulaccae, Melastomacete, and 
Pipei’acea,'. 

n.— TEMPERATE ZONE 

.j. Subtropical Zone.—This extends from the tropics, 23“ to 34" of 
latitude. Mean temperature, G2i" to 71 ; summer temperature, 

73;^° 82i“. There is a. number of tropical ifuits in this region. 

The winters are mild, and vegetation is green throughout the year. 
In the northern division of the zone. Palms and Bananas grow on the 
plain.s. Tlie Date-palm, Doom-palm, Clianu'erops Palmetto, many 
succulent Me.sembryaceae and Cias.sulaccro. arliorescent Euphorbias, 
C'amellia, Then, Aucuba, and IMagnolias, are met with. In the 
southern division are Prnteacoae, Myrtaoefp, Epacridaceae, Erlta- 
cete, many Composite, Diosmeae, Zaniias, and Cactaceae. 

4. The warmer Temperate Zone.—It embraces the space, between 
34° and 45“ of latitude, including the southern part of Europe, 
Asia Minor, north of China, ,and Japan. Mean temperature, 534" to 
(521". Summer temperature in North America, 77°; in Europe, 
75^" to C8°; in Eastern Asia, 82|^“; Winter temperature in the Nev.- 
World, 441“ to 32J"; in Europe, 50“ to 34^" ; iq. Eastern Asia, 26J". 
Many subtropical forms oecur. Evergreen dicotyledonous trees and 

• See a Coloured DelineatiOD of those Reprions in Johnston’s Maps, 
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slirubs, Cistuses, many species of Ericaceas, Lauraccas, and Sfyrtaoese, 
and the Vine, are met with. In some parts of tlie zone, Solidagos 
and Asters, Magnolias, and Smilacese, abound; while in others there 
are representatives of the Mimosa form, Myrtaceas, and Proteace®. 

6. 'I'he colder Temperate Zone.—This includes a belt from 45° to 
58° latitude. Mean temperature, 43" to 53J°. Minimum summer 
temperature on the West Coast, ; in the interior of the Continent, 
68°; Minimum winter temperature in the interior of Europe, 14°. 
England, the north of France, and Germany, supply the characteristics 
of the vegetation of this zone. It embraces the region of Urnbellifer®, 
and Crucifer® of Schouw. Meyen selects plants having a more marked 
physiognomic effect, such a.s ordinary Dicolyledonous trees, along with 
Abietinese, and heaths covered with Calluua vulgaris. 

G. The Subarctic Zone.—This reaches from 5S“ latitude to the 
arctic circle, 66°. Mean temperature, 39|-° to 43°. Summer tem¬ 
perature in the New World, 6G]:°; in the < >ld World, 60f° to 68°; 
Winter temperature of the former, 14"; of the latter (Western Eurojie), 
24|°; of the iiiteiior of llussia, 14" to 1('(^". It is characterized by 
Firs and Willows in the northern hemisplicie. 


O.-I'KIGID ZONE. 

7. The Aictic Zone.—This extepds from the Arctic circle, 66° to 
72".. Mean temperature, 28^° to 32°, and towards the eastern and 
continental portions, fur below the freezing point. The Biich, and 
some Conifl'rar, may be said to characterize this zone. 

8. The Polar Zone.—This includes all lands from 72° to 82° lati¬ 
tude. The mean temperature of one point in this zone, viz, Melville 
Island, is 11°. In the Old World, the mean temperature is 16|°. 
Summer temperature of the New World, 37^°, and of the Old, 38;^°; 
Winter temperature, —28° in the New, and —2j’ in the Old World. 
No trees nor bushes grow in this zone. Some Saxifrages, and nume¬ 
rous Cryptogamic plants, as Lichens, prevail in it. 

11,58. Vertical Hnnge »f Vernation _Under this head we consider 

the changes produced in the physiognomy of vegetation on ascending 
nfbuntains. It has reference to the distribution of plants in an altitu¬ 
dinal or hypsometrical point of view. This geographical range is best 
seen in the high mountains of tropical countries, where all giadations 
are met with, from the heat of the torrid zone to the cold of the frigid 
zone. Humboldt, in describing South American scenery, remarks:— 
“ In the burning plains, scarce raised above the level of the Southern 
Ocean, we find Bananas, Cycadacem, and Palms in the greatest liuxuri- 
ance ; after them, shaded by the lofty sides of the valleys in the Andes, 
Tree Ferns; next in succession, bedewed by cool misty clouds. Cin¬ 
chonas appear. When lofty trees cease, we come to Aralias, Thibau- 
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dias, and myrtle-leaved Androqiedas; these are succeeded by Bejarias 
abounding in resin, and forming a purple belt around the mountains. 
In the stormy regions of the Paramos, the more lofty plants and showy 
flowering herbs disappear, and are succeeded by large meadows covered 
with grasses, on which the Llama feeds. We now reach the bare 
trachytic rocks, on which the lowest tribes of plants flourish. Par- 
melias, Lecidias, and Leprarias, with their many-coloured sporules, 
form the flora of this inhospitable zone. Patches of recently fallen 
snow now begin to cover the last efforts of vegetable life, and then the 
line of eternal snow begins.” 

1159. On the mountains of tempeiate regions the variety is rather 
less, but the change is not less striking. “We begin to ascend the 
Alps, for instance, in the midst of warm vineyards, and pass through 
a succession of oaks, sweet chestnuts, and beeches, till we gain the 
elevation of the more hardy pines and stunted birches, and tread on 
pastures fringed by borders of perpetual snow. At the elevation of 
1,950 feety the vine disappears; and at 1,000 feet higher, the sweet 
chestnuts cease to grow; 1,000 feet farther, and the oak is unable to 
maintain itself; the birch cea'es to grow at an elevation of 4,680, and 
the spruce fir at the height of 5,900 teet, beyond which no tree appears. 
The Ilhododendron ferruginenm (the Rose of the Alps) then covers 
immense tracts to the height of 7,480 feet, and Salix herbacoa creeps 
200 or 800 feet higher, accompanied by a few Saxifrages, Gentians, 
and Grasses, while Lichens and Mosses struggle up to the imperishable 
barrier of {Perpetual snow.” In central and southern Europe, the pro¬ 
portion of Monocotyledons to Dicotyledons, which is as 1 to 4 in the 
plains, decreases with the elevation on dry mountain slopes, till at the 
height of 8,526 feet, it is as 1 to 7. Moist mountain slopes favour 
Monocotyledons, the proportion on them being as 1 to 3. 

1160. The following table shows the height at which corn and trees 
grow in different quarters of the globe:— 

Torrid Zone. Temperate Zone. ^sid 


Inferior limit of per-) 

petoal snow.( 

Upper limit of trees, 
Distance between \ 
trees and snow .../ 
Distance between ( 
snow and coin,...) 


Andes 

0^ Lat. 

ANIountatns 

ol Mexico, Canrasiis, Pyrenees, 
20“ Lat 42°30' 43° 

Alps, Lapland, 

15,200 feet.., 

,. 13,478... 

..9,000... 

...8,400 

..8,220... 

,. 3,800 

10,800 — ... 

..12,000. 

.6,700... 

..7,020..., 

,.6,000..., 

..1,500 

4,400 — ... 

.. 1,478. 

.3,200... 

..1,380.... 

.2,220.....1,800 

5,200 —... 


,.3,780... 

.. .... 

..4,200... 

..2,700 


In the Himalaya, the upper limit of trees on the south side is maiked 
by CJueicus semecarpilolia, at 11,500 feet, and on the north side by 
Uetula alba, at 14,000 feet. The Birch also forms the limit on the 
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Caucasian mountains. On the Pyrenees and Alps, the limit of trees 
is marked by Conifers; on the Pyrenees, by Pinus uncinata; on the 
south side of the Alps, by Larix europsea, the Larch; and on the north 
side, by Abies excelsa. In Lapland, the Birch forms the upper limit 
of trees. The upper limit of shrubs is determined by the Khododeii- 
drons in the Old World, on the Pyrenees at 8,312 feet, and on the 
Alps, at 7,480; and by Bejarias on the Andes, at the height of 13,420 
feet. On the south side of the Himalaya, Juniperus, Salix, and Ribes, 
form the upper limit of shrubs, at 11,500 feet; on the north, Genista 
versicolor ascends to 17,000 feet. 

1161. The following have been given by some authors as the zones 
of Alpine vegetation;— 

1 . Rpgion of Ijowland cultivation. Its extent of elevation is at the spot where the 

prevailing cultivated plants cf the latitude cease to be productive. In Mount 
, i£tna, it rises to 3,300 feet; on I'eneriife, to nearly 3,000 (zone of vines). It 
embraces two zones of the ('actus and Kuphorbia in the Canaries.^ In M^eira, 
it embraces two regions of Spix and Martins; tlie region of tropical plants reach¬ 
ing to 700 feet, and the region of the ^ ine, fuiil, and com, to 2,300. In Nor¬ 
way, Sweden, and Finmark, it is narrow. In the Car]>athiana, it rises to 1,500 
feet. Within 1lie tropic^:, it is a broad and imjiortant region. On the Andes, 
at Quito, it only ceases at 3,0f)0 or 0,000 

2. Kegion of Woods. A magnificent region in all Alpine districts, and urell charac¬ 

terized on the Andes and Himalaya. Humboldt notices it in TenerilFe. In 
Aetna, it extends to 6,200 feet. In the Canaries, to 4,080. In Madeira (regicii 
of Chestnut), to 2,950. In Lapland, it extends to 800 feet. In Fmniaxk, 7u" 
north latitude, to 730. 

3. llegion of Shruhs. Region of Retama (Spartium nubigenum) in Teneriffe. On 

the Pyrenees and Moimt Blauc, it is extensively covered to about 9,t)00 fiet 
with Rhododendrons. In the Andes, about Quito, it reaches 13,000, andiscon- 
s{)icuous for its shrubby com|>os!tae In Madeira, it embraces Kuhl’s regions of 
Spartium and Heath. On the mountains of Lajdand, it attains 1,000 feet, and 
is characterized by Belula nana, Vaccinium, and Salix. In Finmark, its limits 
are 1,100. 

4. Region of Grasses. These pretlominate in certain Alpine situations, and in certain 

parallde of latitude In South Shetland, none of the islands exhibit any Phan¬ 
erogamous vegetation, with the exception of straggling grass In Melville 
Island, 75® north latitude., the proportion of grasses to Phanerogamous plants is 
1 to 5; in Great Biitain, 1 to 3 2^. In the Andes, the legion i» traced to 
. « ^Paramos, and occupies a space of 13,000 to 14,500 feet; here are large cattle 
farms. In the Himalaya, a fine green sward is often seen at 34,600 feet. In 
Teneriffe, it is distinguished by Humboldt. On the Swiss Alps, Foa annua 
exists at an elevation of 7,400 feet. 

5 Region of Crv'ptogamous plants. I'liU is well marked in many places. Colonel 
Hall, in Chimborazo, under the Equator, at nearly 16,000 feet, found Draba 
aretoides, and Culcitium rufescons; still higher, a moss, which may be con¬ 
sidered as having attained the highest limit on tlie globe at which \egetable life 
exists. Lichens are the latest plants met with in ascending Teneriffe, the Him¬ 
alaya mountams, and the Alps.' 

11C2. lu the mountains of the torrid zone, the following regions 
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are described by Meyen, corresponding to the zones given in iiis l)ori- 
zontal range of vegetation:— 

1. The region of Palni'i and Bananas extending from the level of tlie sea to 1,900 

feet of altitude. It corresponds to tlie Equatorial zone, 

2. Kogion of Tree Eeiiis, and species of Ficus, extending from 1,900 feet to 3,800. 

(Tropical zone.) 

3. Region of M 3 ’rtacoaj and Lauracea;, extending from 3,800 to .tiTOO feet. (,'Subtro¬ 

pical zone.) 

4. Region of Evergreen Dicotyledonous trees, extending from 6,700 to 7,600 feet. 

(Warm Temiierato zone.) 

6. Region of Deciduous Dicotr lcdonous trees, extending from 7,900 to 9,,500 feet. 
(Cold Temperate zone.) 

6. Region of Abiotine.e, the Pine and Fir, extending from 9,500 to 11,400 feet, 

(Subarctic zone.) 

7. Region of Rhododendrons, extending from 11,400 to 13,300 feet. (Arctic zone.) 

8. Region of Alpine plants mid Lichens, extending from the iqiiicr limit of slirubs to 

the allow line at 1.5,200 feet. (Pol.ir zone.)’* 

11G3. Zones of Marfiie Vrsfetatlon.—The ocean, as well as rtie 
land, pos^sses its vegetable turrns, wliicli vary according to their posi¬ 
tion, surrounding medium, relative degrees of]iressure, and exposure to 
light. Harvey has observed tliat some sea weeds seem to be unaffected 
by circumstances of this nature, and are found equally abundant under 
opposed latitudes and in extremes of temperature. The lower we 
descend in the scale of m.irine vegetation the better is this illustrated. 
Many of tlie Diatomacea* seem to be generally distributed. 

1164. Lamouronx has estimated the marine Algiv as ranging from 
5,000 to 6,000, rvhioh he has shown are distributed in various 
regions. Their distribution is much influenced by tlie degree of ex¬ 
posure to light, as well as by the motion of the waves. Great depths 
of the ocean are observed to exercise an influence on marine vegeta¬ 
tion, similar to that wliicli high mountains have on laud plants. 
Some species, as the Latninarim, are confluod to the colder regions of 
the sea, while others, as the Sargassa, are only found where the mean 
temperature is considerable. The colour of Algos may bo regarded 
as being in a measure itidicative of their depth of growth, the Algm 
of green colour being generally found either in fresh water or in 
the shallower parts of the sea; the olive-coloured Alga- abound mp.st 
between tide marks; those of a red colour occur chiefly in the deep 
and dark parts of the sea. 

Marine vegetation is found to vary both in its horizontal and verti¬ 
cal range. This difference is less decided than that which is observ¬ 
able amongst land plants, owing probably to the greater uniformity 
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of the ocean’s temperature. The ocean has been divided into the fol- 
loviring provinces of marine vegetation :—1. The Northern Ocean, from 
the Pole to the 60th parallel of north latitude. 2. The North Atlantic, 
between the 60th and 40th parallels, the province of the species of 
Fucus proper. 3. The Mediterranean, which is a sub-region of the 
warmer temperate zone of the Atlantic, lying between the 40th and 
23d northern parallels. 4. The trojiical Atlantic, in which Sargassum 
abounds. 5. The Antarctic American regions from Chili to Cape 
Horn, and the whole circum-polar ocean south of 50“ of latitude. 
6. The Australian and New Zealand province. 7. The Indian Ocean 
and Ked Sea. 8. The Japan and China seas, besides certain pro¬ 
vinces in the Pacific. 

1165. Forbes remarks of the vertical range, that one great ma¬ 
rine zone lies between higli and low water mark, varying in species 
according to the nature of the coast. Tins zone is generally uniform 
throughout the northern hemisj>here. A second zone begins at low 
water mark, and c.xtends to a depth of 7 to 15 fathoms. Ihe first of 
these, or the littoral zone, hits been divided into sub-i-egions, in which 
certain marine specie,? are found to prevail. 1. 'J'lie sub-region of 
Fucus canahoulatus. 2. The sub-region of kichina. 8. The sub- 
region ol' Fucus artioulatus, F. iiodosu.s, and Corallina oliicinalis. 
4. The sub-region of Fucus serratus. The second or Laniinarian 
zone includes the great Tangle sea-weeds and deep-water Fuoi. The 
lowest forms of vegetable lile do not, in British seas, extend deeper 
than 50 fathoms. In the Mediterranean and the zEgean Sea, the 
Coralline zone ranges from 50 to 100 fathoms. The lowest forms of 
marine vegetation are alone met with in the deepest waters. 

1166. Marine veg:etation ls equally various in its horizontal range. 
In the North Sea and the British Clianiicl, Chorda Filuiii is found to 
constitute beds of 15 to 20 miles in length, and about GOO feet in 
breadth. Sargassum baccilcrum constitutes the (Julf-weed of the 
Atlantic. It occupies the eddy caused by the revolution of the At- • 
lantic current, and e.xtends over a space of 260,000 square miles. It 
appears to derive its sustenance wholly from the ocean, inasmuch as 
it has never been found attached. Ihe Macrocystis pyrifera, and the 

Jtaiiaitiiaria radiata are remarkable for the size and extent of their 
range. Immense green masses of the Macrocystis are met with in 
every latitude. The tribe FucoidesB are met with in abundance 
towards the poles, in which regions they are observed to attain their 
greatest bulk, diminishing and ceasing as they approach the Equator. 
Cystoscireee follow a course in the higher latitudes of the southern 
hemisphere similar to the Fucoideai. Laminarias inhabit the antarctic 
ocean, and stretch northwards to the Cape of Good Hope. The 
red, green, and purple Lavers of the British seas are found at the 
Falkland Islands. 



610 


DISTEIBUTIOK OF PLANTS IN BBITAIN. 


Species which are found abundantly in one sea may be scarcely 
present in another. This is seen in the difference between the marine 
vegetation of the Red Sea as compared with that of the Mediter¬ 
ranean, and that of the Mediterranean as contrasted with the Atlan¬ 
tic. The genera Sargassum and Caulerpa of the Red Sea are repre¬ 
sented in the Mediterranean, by very few, and those distinct species. 
The genus Fucus, which is common in the Atlantic, is almost entirely 
wanting in the Mediterranean. Many Florideas which abound in the 
open seas do not adorn the rocks in the Mediterranean. 

1167. Distribution of Plants in Britain. —The climate of Britain is 
influenced by its geographical position, and the form and elevation 
of its surface. The eastern coasts partake more of the continental 
climate, while the western experience the insular or more equable 
climate. The mean temperature varies from 46° to 62° F. In 
ascending the mountains there is a fall oi' 1'' of the thermometer on an 
average for every 240 or 250 feet of ascent. The Phanerogamous 
species and varieties amount to nearly 1,600; the Cryptogamous to 
about 2,800. Mr. H. G. Watson, who is our chief authority on the 
geography of British plants, in his earlier works gives the following 
distribution in ascending regions:— 

1. The region of the Plains. Tins inclinle.-. all Uie low and ojjen country from the 

south coast of England to the borders of the Highlands, in lat. 66“ 56i°, tra- 
minating at the sea level on the shores of the Clyde and Toy. It contains the 
common weeds and wild flowei^, of the country, and among trees, the Oak, 
Ash, &c. 

2. Upland Eegion. This is maiked by the occurrence of Vaccinium Vitis-Idsa, 

Arctostaphylos Uva-Ursi, Polygonum viviparum, Trientalis europrea, Liimwa 
borealis, &c. 

3. Median Kegion. A narrow belt just above the upper limit of cultivation, and the 

growth of Ainentacete such as the Oak and Hazel. 

4. Subalpine Kegiuii. This commences at from 1,6U0 to 2,400 feet above the level 

of the sea. Jimcus trifidus, Saxifraga nivalis, and Gnaphalium supinum occur 
here. 

5 Alpine Region. This region is only truly seen in Scotland. Saxifraga cernua 
and rivularis, Hraba rapestr s, Luzuia arcuata, Stellaria cerastoides, and Alsfre 
ruboUa, may be said to characterize it. 

Of late years, Mr. Watson has proposed the following geographical 
division of British plants : — 

1 . Agrarian. Plants found only within the liniits of cultivation, or within the limits 
of Pterifl aquilina, in waste land, the elevation or climate of which would not for¬ 
bid successful cultivation 

3 . Arctic>Agrarian. Plants found within the region of cultivation, and also above 
these limits. 

8. Arctic. Plants found only above the limits of cultivation. 

1168, To considering the distribution of British plants in connection 
with geographical or local position, Watson suggests the following 
types;— 
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1 . Atlantic type t embracing species found in the south-west of England and Wales 

as Erica dliaris, Sibtliorpia europjea, and Euphorbia Pt'jjlis. 

2. Germanic type: including species chiefly seen in the south-west of England, the 

chalk plants, as Phyteuma, Ophrys, Hippocrepis, and Onobrychis. 

3 . The English type: consisting of species chiefly or exclusiv'ely found in Knglanri, 

and decreasing in frequency northwards, as Acer cainpestre, Tamus communis, 
Iris fcetidissima, Orchis Morio. 

4 . British type: comprehending species widely spread o\er Britain, as Beilis, Cal- 

luDo, <>rylus. 

Scottish type: embracing species prevalent chiefly in “Scotland, or the north of 
England, as TroUius, Linnaea, Andromeda, Primula favino^ 

6 . The Highland type: containing species eitlier liiniled to the Scottish Highlands, 

or extending to the mountains of the north of England and Wales, as Salix 
herbacea, Azalea, Arctostaphylos, Lobelia, Sulmlaria. 

7. Hebridean type: composed of a few sjiecies peculiar to the extreme north and 

west of Scotland, or at least chiefly seen there, as Eriocaulon septangolare, 
Ajuga pyramidalis, Primula scotica. 

1169. Professor E. Forbes has adopted Mr. Watson’s view. He 
thinks that the vegetation of the British islands may be said to be 
composed of five floras:—1. A west Pyrenean, confined to the west i f 
Ireland, and mostly to the mountains of that district. 2. A flora re¬ 
lated to that of the north-west of France, extending from the Channel 
Isles, across Devon and Cornwall, to the south-east and part of the 
south-west of Ireland (Watson’s Atlantic type). 3. A flora common 
to the north of France and south-east of England, and especially 
developed in the chalk districts (Watson’s Germanic type). 4. An 
Alpine flora, developed in the mountains of Wales, north of England, 
and Scotland (Watson’s Highland type). 5. A Germanic flora, ex¬ 
tending over the greater part of Great Britain and Ireland, mingling 
with the other floras, and diminishing, though slightly, as we proceed 
westwards, indicating its easterly origin and relation to the character¬ 
istic flora of northern Germany (Watson’s British, English, and Scottish 
typJI). In attempting to account for the peculiarities of these floras, 
most of which had been previously noticed by Mr. Watson, Professor 
Forbes enters into some geological speculations, which, although 
entirely conjectural, are well worthy of consideration. He numbers 
in ascending order these floras, according to their magnitude as to 
eies, and also, in his opinion, according to their relative age and 
period of introduction into the area of the British islands. His con¬ 
clusions on this point are the following:— 

_“ !• The oldest Of the floras now composing the vegetation of the 
British isles, is that of the mountains of the west of Ireland. Though 
an Alpine flora, it is southernmost in character, and is quite distinct 
as a system from the floras of the Scottish and Welsh Alps. Its very 
southern character, its limitation, and its extreme isolation, are evi¬ 
dences of its antiquity, pointing to a period when a great mountaiu 
barrier extended across the Atlantic from Ireland to Spain. 
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“ 2. The distribution of the second flora, next in point of probable 
date, depended on the extension of a barrier, the traces of which still 
remain, from the west of France to the south-east of Britain, and 
thence to Ireland. 

“ 3. The distribution of the third flora depended on the connection 
of the coast of France and England towards the eastern part of the 
channel. Of the former existence of this union no geologist doubts. 

“ 4. The distribution of the fourth, or Alpine flora of Scotland and 
Wales, was effected during the glacial period, when the mountain 
summits of Britain were low islands, or members of chains of i.slands, 
extending to the area of Ivor»vay through a glacial sea, and clothed 
with an arctic vegetation, which in the gradual upheaval of those 
islands and consequent change of climate, became limited to the sum¬ 
mits of the new formed and still existing mountains. 

“5. The distribution of the fifth, or Germanic flora, depended on 
the upheaval of the bed of the glaci.al sea, and the consequent con¬ 
nection of Ireland with England, and of England with Germany, by 
great plains, the fragments of which still exist, and upon which lived 
the great elk and other quadrupeds now extinct. 

“ The breaking up or submergence of the first barrier led to the 
destruction of the second ; that of the second to that of the tliird; but 
the well-marked epoch of migration of the Germanic flora indicates 
the subsequent formation of the straits of Dover and of the Irish Sea, 
as now existing. 

“ To determine the probable geological epoch of the first or west- 
Irish flora—a fragment, pel haps with that of north-western Siiain, 
of a vegetation of the true Atlantic—Forbes seeks among fossil plants 
I'or a starting-point. Tliis he gets in the flora cf the London clay, or 
Eocene, which is tropical in character, and fiir anterior to the oldest 
ot the existing floras. The geographical relations of tlie Miocene sea, 
indicated by the fossils of the crag, give an after-date certainly To the 
second and third of the above floras, if not to the first. The epoch of 
the red or middle crag was probably coeval witli the second flora; 
tliat of the mammaliferous crag with tlie third. The date of the tbunh 
is too evident to be questioned; and he regards the glacial region in 
which it flourished as a local climate, of which no true traces— 
as animal life is concerned—exi.st southwards of his second and third 
barriers. This was the newer Pliocene epoch. The period of the 
fifth flora was that ot the post tertiary, when the present aspect of 
things was organized. 

“ Adopting such a view of the relations of these floras in time, be 
thinks that the greatest difficulties in the way of changes of the 
earth s surface and destruction of barriers—deep sea being found 
where land (probably high laud) was—are removed when we find that 
those greater changes must have happened during the epoch imme- 
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rlia^ely subsequent to the Miocene period; for we have undoubted 
evidence that elsewhere, during that epoch, the Miocene sea-bod was 
raised 6,000 feet in the chain of Taurus, and the barriers forming the 
westward boundary of the Asiatic Eocene lakes so coinphTely annihi¬ 
lated, that a sea several hundred fathoms deep now takes their probable 
place. The changes required for the events which he would connect 
with the jreculiar distribution of the British flora are not greater than 
these. Professor Eorbes thinks that the peculiar distribution of en¬ 
demic animals—especially that of the terrestrial mollusca—bears him 
out in these views.” 

1170. The observations of Watson and Forbes lead to the conclusion 
that, with the exception of Eriocaulon septangulare, the British islands 
do not contain a single plant which is not found on the continent of 
Europe. Those islands, therefore, cannot be considered us a centre of 
vegetation, but as having been colonized by successive vegetable mi¬ 
grations. Their opinion as to the origin of British plants, as con¬ 
densed by Martins, is, that these islands have been peopled by many 
colonies successively leaving the continent of Europe, from the epoch 
of the middle tertiary formation up to our own. When a vast con¬ 
tinent extended from the Mediterranean regions to the British islands, 
the plants of the Asturias, and those of Armorica, peopled the south 
of England and Ireland. To this period succeeded the glacial epoch, 
during which the lauds were immerged to a depth of about 1,000 or 
1,400 feet. This is the period of the migration of the arctic plants, 
which still inhabit the tops of the Scottish mountains. When these 
lands emerged anew, England was united to France, the temperature 
being such as it is at present. At this time, the great German floral 
invasion took place, absorbing, so to spetik, all the rest, and leaving 
very slight reimtins of them. Thus, while the Asturian plants, those 
of the south, are reduced to a small number of species confined to the 
south-west of Ireland, the hardy vegetables of the north completed 
their conquest. The colonization being completed, England became 
separated from the continent. 

1171. Martins agrees with Watson and Forbes in their general 
views of the British flora, adopting the following types :— • 

1. Asturian tj-pe—the remains nf a reninsniiir flora. 

2. Armorican tyiic—vccjetalioii like tliat of linltany and Nonnandy. 

3. Boreal type—flora liltc that of the Swiss Alps, Lapland, Iceland, and Green¬ 
land. 

4. Germanic typo—the basis of the vegetation of England. 

He thinks, that while Europe has had the principal part in the colo¬ 
nization of the British islands, a great vegetable migration has also 
taken place from America; and that the arctic plants originating in 
Greenland, have propagated, themselves across Iceland, Feroe, and 
Shetland, as far as the mountains of Scotland. These mountains have 
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therefore derived their Horn partly from Norway and partly 
Greenland, by a sort of double migration. His opinion is founded on 
the fact, that the relative proportion of plants, exclusively European, 
■which enter into the flora, of Shetland, is into that of Feroe, \\ 
and into that of Iceland, y'j 5 ; all the rest being common to Europe and 
America. In proportion, therefore, as we remove from Europe, the 
number of vegetables peculiar to that continent diminishes; but at 
the same time the proportion of the Greenland plants increases in 
nearly the same ratio. Martins, however, does not agree with Forbes 
in his bold and novel hypothesis, but attributes the colonization to the 
transport of seeds from America and Europe, by means of the gulf 
stream. This stream, he thinks, has thrown Eriocaulon septangulare 
on the shores of the Hebrides, and, running along the coast of Scot¬ 
land, carries seeds to the sandy shores of Shetland, Feroe, and Iceland. 
He considers it the principal agent in the difl'usion of European plants 
in these islands. Winds, aerial currents, and birds, he thinks, have 
also contributed to the dissemination of species.* 

1172. AcciimaUajiiis of piaittK.—It is comm )nly supposed that by 
length of time plants may be rendered fit to endure a climate which 
they could not stand in the first instance. It has been said, that by 
slow degrees fender plants may become acclimatized to cold climates. 
Such a view, however, is totally inconsistent with the facts of the case. 
Each species of plant naturally bears a certain range of temperature, 
and it is impossible to extend that range. Many plants originally 
placed in greenhouses, and subsequently planted out, are held up as 
cases of acclimatization. Aucuba jiiponica, coming from a warm cli¬ 
mate, was at first treated in this country as a stove-jilant, and was 
afterwards planted out, and was found to endure the climate, but no 
change was made in the constitution of the plant. It was capable 
from the first of enduring the cold of this climate. Aponogeton dis- 
tachyum, an aquatic from the Cape, was cultivated long in the stoves 
of the Edinburgh Botanical Garden. A specimen was accidentally 
thrown into the open pond, where it has cotitinued to live and flower 
for many years. The constitution of the plant is unaltered. It was 
able to bear a certain range of temperature, but cultivators were not 
aware of this in the first instance. Plants sent from warm countriiS?' 
and supposed to be delicate, are often quite hardy, inasmuch as their 
native locality has been high on the mountains. Such is the case with 
Araucaria imbricata from (ihili, and with some Nipal and Japan plants. 
Again, take the Potato, the Dahlia, Heliotrope, and Marvel of Peru, 
which h.ave been long cultivated in Btitain, and it will be seen that 
they are not in the slightest degree more hardy than when first 

• For further dptallfl on the subject of the Geojrrftphy of British plants consult Watson’s Dlstri* 
bution of Bi itlsh PlBute. and Cybelc liritaunlca; F<u* (*s'9»pHper in the. Reports ot the Geological 
Survey of Great Biitain; Maituis' papers in the Bdiuburgli rhilobophlcal^lounial for laid. 
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introduced; they are injured by the frost just as easily as at 
first. * 

1173. Something, however, may be done by the art of the gardener, 
to render half-hardy species of plants less tender. In this climate, 
tlie great risk in such cases, is frequently not so much the degree of 
cold, as the accession of it at a time when the plants cannot resist it, 
in consequence of being full of sap. Attention, therefore, should be 
paid to bringing the plants into as dry a state as possible, at the be¬ 
ginning of winter. Lindley remarks that the only means of effecting 
this consists in thoroughly drained soil, and an elevated situation— 
tlie first preventing a plant from filling itself with moisture during 
winter, or overgrowing itself in summer, so as to enable it to ripen 
its wood ; and the latter securing it from the action of those early 
frosts in autumn, or those late frosts in spring, which are so pernicious 
even to our own wild trees. In an elevated situation, a plant also 
escapes the risk of being stimulated into growth by a few days’ 
warmth, succeeded by nipping colds, which so often occurs in our 
variable climate. 




PART IV. 


FOSSIL BOTANY, 


1174. The history of vegetation could not be considered complete, 
unless we endeavoured to give some account, however brief, ot the 
plants which existed on the earth in its primeval state, during the 
extended geological epochs which elapsed before the establishment of 
the present order of things. This subject is alike interesting to the 
botanist and the geologist. It has sometimes been called Geo-Botany, 
and is an important section of Oryctology (djw-.Td;, to.ssil). “ Geology, 
says Philips, “ would never, perh.aps, have escaped from the domain 
of empiricism and conjecture, but for the innumerable testimonies of 
elapsed periods and perished creations, winch the strati lied rocks of 
the globe present, in the remains ol ancient plants and anim.als. So 
many important rjuestions concerning tlieir nature, circumstances ol 
existence, and mode of inhumation in the rocks, liave been suggested 
by these interesting rcliquiic, «nd the natural .sciences have received 
BO powerful an impulse, and been directed with such great success to 
the solution ofprobkims concerning the past history ot the earth, that 
we scarcely feel disposed to dissent from the opinion, that without 
fossil Zoology and Botany, or what is denominated Paleontology 
(TaXaidj, ancient), there would have been no true Geology.” Hie 
stratified crust of the globe is full of these monuments of vanished 
f^nfs of life. They are (3f various kinds, are in different states of 
preservation, and occur very unequally in rocks of dillerent kinds 
and ages. The remains of ancient vegetation are very abundant in 
the coal measures, the important combustible material derived from 
them, and which is vegetable matter in an altered form. 

1175. Cbaractero and Anrangriuenl of FomU Plain*. —Prom the 
■state in which fossil plants are found, it is by no means an easy matter 
to determine their nature accurately. Brongniart states that the 
preservation ol vegetables, in a fossil state, may be effected—1st, By 

2 I) 2 
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the impression or cast of the plant being discoverable, though accom¬ 
panied by a complete destruction of the vegetable tissue, or the 
preservation of but a few of its constituent parts; 2d. By petrifaction 
or carbonization, which preserves more or less completely the struc¬ 
ture of the tissues of vegetable organs, by changing or only modify¬ 
ing their nature. The impression or cast, without the preserva¬ 
tion of any portion of the organs of the vegetable more or less 
altered, is rather rare; yet it is the habitual state of fossil vege¬ 
tables in the variegated sandstone and tertiary limestones.* It 
is rarely that any of the essential organs are found in such a state 
of preservation as to furnish distinct character^. It is chiefly from 
the fragments of stems, and the impressions of leaves, and some 
fruits, that the fossil botanist can draw conclusions. Besides this, 
fossil vegetables, thus reduced to some of their insulated organ.'*, 
scarcely ever present them in such a state of preservation as enables 
them to be studied in all their constituent parts. Sometimes the in¬ 
ternal structure of the stem can be traced, and by examination under 
the microscope, the nature of its woody tissue may be determined. 
In this way some fossilized woods have been referred to the Coniferous 
tribe, in consequence of the presence of punctated woody tissue (fig. 
47). Fossil woods have been shown by chemical tests to contain 
portions of vegetable tissue, cemented into a mass by silica. In some 
cases the vessels and cells are separately silicified without being united 
into a compact mass. In these instances the wood brealis down 
easily. At times the internal structure is obliterated, and it is only 
from the external configuration, the nature of the outer covering, and 
the scars of the leaves, that any conclusions can be drawn. The 
leaves often furnish important and valuable characters, and, in the 
case of fossil ferns, their form, divisions, and venation, supply distin¬ 
guishing marks, fl’he leaves, however, are generally isolated, and are 
rarely found in connection with the stems. Thus, the separation of 
the difterent parts of the plant, and, in most cases, their imperfect 
state of preservation, are great obstacles in preventing the determina¬ 
tion of fossil plants by s comjrarison with those which now exist on the 
earth. Befiire, then, endeavouring to compare a fossil vegetable with 
living vegetables, it is necessary to put together, with as much exa^ 
ness as possible, according to the parts preserved, and the general data 
of vegetable anatomy and organography, the portions of the plant 
under examination; to contrast these portions with the other organs 
of the same plant, searching for tlieir points of attachment, their forms 
and vascular connections, being guided generally by traces of struc- 
sure rather than by exterior form ; and by endeavouring to recon¬ 
struct a vegetable by bringing together all fragments from the same 
fossil beds, wliicb may belong to the same plant. The connection of 

* Brongniart, Tableaux dea Yegetauz ToMilet. 
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the different parts of the same plant is of the greatest importance in 
vegetable paieeontology, as from their fragmentary nature many diffi¬ 
culties arise. These difficulties are increased as we go hack to the 
earliest geological epochs, for the farther they are removed from the 
present state of things, the greater are the differences between the 
fossil and living plants. Dr. Hooker remarks, that the knowledge of 
recent botany required to throw light upon the study of fossil'plants, 
and the origin of coal, must be both varied and extended. “ Some 
acquaintance with systematic botany is the first requisite; through 
this alone can any approximation to the living affinities of the fossil be 
obtained. It should embrace not only a knowledge of the principal 
groups, or natural orders under which all plants are arranged, but a 
familiarity with vegetable anatomy; for when the stem or trunk alone 
is preserved, which is often the c.ise, a minute examination of its 
tissues is the sole method of determining its position in the natural 
series. There must also be some general ideas of the veget.ation both 
of the tropics and cooler latitudes, of mountJiin-chains, table-land.^’, 
valleys and estuaries; more especially of countries characterized by 
“equable, and by excessive or extreme climates, .is compared with con¬ 
tinents, and of humid and desert districts ; in short, of all the complex 
associations with, or dependence of botanical characters upon, surface, 
soil, and climate, which the globe presents.” 

1176. Many of the fossil plants of the tertiary or recent strata may 
be referred to genera at present existing, and merely present specific 
differences ; such as pines, elms, beeches, maples, &c. Those of the 
secondary strata may, in general, be referred to known families, but 
in most instances require the formation of new genera ; while tht ^e 
of the older strata, in numerous instances, cannot be classed in exist¬ 
ing families, and must constitute new groups. Such are the Calair ites, 
Lepidodendrons, and Sigillarias of the coal formation. From all the 
investigations of fossil botanists, however, it appears that the same 
great types existed in a former state as at the present day, viz., Cel¬ 
lular Cryptogamics, Vascular Cryptogamics or Acrogens, Monocoty¬ 
ledons and Dicotyledons, both Angiospermous and Gymnospernious. 

1177. Schlotheim, Sternberg, Brongniart, and others, have pro- 
■fwaad arrangements of fossil plants. That of Biongniart is founded 
on the resemblances which the fossils bear to living plants He 
divides them as follows;— 

Ist. Amphigenous Crypto^amous PiantB, or Cellular Cr\ ptogams, which he suh- 
divides into two classes, the Fungi and Algie. 

2 d. Acrogenous Cryptogaraoua'^fants, comprehending two classes, the Musci 
and Filicales; the latter being divided into five families—the Ferns, Marsiieacea*, 
Characese, Lycopodiaceee, and Kquisetacese. 

3d, Dicotyledonous Phanerogamous Plants, of which he enumerates the 
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several fainilies, ijulicatiiig the oharactera which approximate them. to the same 
families of Ih ing vegetables. 

ith. Monocotyledonous plants. • ’■ 

Wheu the analogy between a fossil and a living plant is such that 
the difference is not greater than occurs among the individuals in¬ 
cluded in a species of the living genus, then the fossil and living plant 
may he considered identical, and the epithet of fossil is applied to the 
name of the phint. If, on the other hand, the fossil presents distinct 
s[)ecific characters, but does not differmore from living species than these 
species differ among themselves, then it is looked upon as a new 
species of the genus. If the differences are well marked, but at the 
same time the organ which represents them is not of sufficient impor¬ 
tance to induce the belief that the -plant differs from others of the 
genus in all its essential organs, then the termination ties is added to 
the name of the genus. Thus, Lycopodites is a genus of fossil plants 
allied to Lycopodium, apparently not differing, so far as known, in es¬ 
sential and important parts; so also Zanntes allied to Zamia, Thuyites 
to Thuya. If a fossil plant, although presenting several essential 
characters of a family, yet differs in the fossilized organ from all th* 
known genera of the family, as much or more than these genera do 
among themselves, then it is to be considered as a new genus different 
from those actually e.visliug. d'his will be seen in many of the coal 
fossils. 

1178. Before proceeding to notice some of the more important fos¬ 
sil plants, it will be necessary to give a sketch of the geological con¬ 
stitution of the globe. The rocks ol' which the earth is composed are 
either stratified or unstratilied ; and the former are either fossihferous 
or non-fossiliferous (azoic). The unstratified rocks, included under 
the names of Granitic andTrappean, are considered igneous, plutouic, or 
eruptive rocks, and do not generally e.xhibit any fossiliferous deposits. 
Vegetable structures in an altered condition have, however, been 
found in the substance of Trap rocks. Distinct evidences of Dicoty¬ 
ledonous structure charred have been discovered in various situations, 
more particularly near tlie Giant's Causeway, in Antrim, under the 
Trap rocks in the Island of Mull, and in those rocks of the same natur" 
which are near Edinburgh. Fossil plants have not been fouij^l j 
certain metamorphic rocks such as Gneiss and Mica-slate, which pre 
sent a stratified appearance, and appear to have been deposited in pe 
culiar circumstances, probably at a high temperature. The igneou 
and metamorphic rocks are sometimes included under the compre¬ 
hensive name of Hypogene. The non-discovery of fossil remains in 
rocks may, as Forbes has shown, indicate the formation of these rocks 
in positions destitute of organic life, such as are to be met with in the 
extreme depths of the ocean. 

• Edin. Phil. Jour, voi 48. 
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1179. F 0 *silif«roo» Sfratifled Rockn liave boen divided into— 1 . 
Palfleozoio JflraXflt/df, ancient, and ^c^n, life), or those whicli contain the 
earliest fossil remains, including what have been called Transition, 
Primary fossiliferous, and Grauwacke rocks, and extending up to the 
Magnesian Limestone, immediately above the Coal measures. 2. 
Neozoic, including Secondary, extending to the chalk ; and Tertiary, 
extending to the recent deposits. The following tabular view may 
be given:— 


I. Palffiozoic. 

Lower Palaeozoic.Lower and Upper Silunan. 

Middle Palajozoic .Devonian or Old lied i'andstone. 

(Carboniferous Sjstcin, Lower new Ked Sand- 

Upper Palaeozoic. < stone, and Magnesun Limestone or Permian 

( System. 

11. Neozoic, including— 

a Secondary or Mezozoic. 

Lower Secondary .U{)per new Rod S.iiuUtone oi Tria^sic System, 

Middle Secondary.Lmssie, Ooliue, WeaMen. 

Upper Secondary .CretatTous. 


b Tertiary or Cainozoic. 

Lower Tertiary, of Eocene group. 

Middle Tertiary, or ISIiocene group. 

Newer Ternary, or Pliocene group. 

Supei-ficial J>e])Oaits, or Pleistocene group 

1180. Fas8ii PiniM* iu Mii-nia. —The platitsjn these strati¬ 

fied rocks are either of a marine, fluvhitile, laoustriuc, or terrestrial 
nature, accordinp; to the state of tlie globe at the period of their de¬ 
position. The condition of the .sti-ata as regards fossils may depend in 
some measure on the depth at which they were deposited under the 
waters of the globe; for Forbes finds that iu the present ocean there 
is, at a certain depth, a zero of animal, and probably of vegetable life. 
The state of preservation depends much on the nature of the plant in 
regard to its anatomical structure. Cellular plants, which are easily 
destroyed, have in a great measure disajtpeared, while plants which 
resist well the decomposing action of water and other agent.s, such as 
ferns, occur in great abundance. In the Silurian system, the fossils 
consist chiefly of invertebrate animals. Lignite has been detected by 
Hugh Miller in the old Red Sandstone of the north, and has been re- 
to some coniferous plants by Nicol. In the Caiboniferous sys¬ 
tem, fossil plants occur in vast quantity. With the Palmozoic series 
one great epoch in the Rock formations was concluded, and a change 
took place so as to usher in the Secondary series. In the new Ked 
Sandstone, the fossil remains are few and local, while in the Oolitic and 
Cretaceous systems they are more numerous. With the Secondary 
series of strata a general condition of the globe ended, and a new one 
commenced with the Tertiary strata. In these we meet with fossil re¬ 
mains nearly resembling or identic<al with the existing races. The 
names given to the groups indicate this. In the Eocene group fj.f, 
dawn or morning, and Kccno;, new) we meet with a certain proportion 
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of living shells. In the Miocene (/tstm, less,) the numbM' of living 
species increases, although still less in number than the extinct ones; 
while in the Pliocene (rMi'ar, more,) the recent shells outnumber the 
extinct ones. The ditlerences between the organic contents of one 
system and another, are in proportion to the interval of geological 
time elapsed between them; and the older the rocks, the more are 
the fossils distinct from the plants of the present day. .The systems 
of organic life have been adjusted to the condition of land and sea. 

1181. The number of fossil plants known to M. Adolphe Brong- 
niart, in 1836, was 527. In 1845, Goeppert and Bronn stated the 
number to be 1,792; and as in the 100,000 plants now known to 
exist in different parts of the globe, a large proportion consists of cel¬ 
lular plants, which would disappear in the process of fossilization, it 
would seem that the total number of known fossil species bears a con¬ 
siderable proportion to those now existing. Their numerical distribu¬ 
tion in the different rocks is stated by Goeppert to be as follows:— 


Older and Middle Pateozoic. 52 

Carboniferous. 819 

Permian. 68 

Triassio. 86 

Oolitic. 234 

Wealden. 16 

Cretacewis. 62 

Tertiary. 454 

UnknoBU. 11 


1792 

From this table, Murchison remarks, it appears that the newer Palseo- 
zoic group contains more than half the known species of fossil plants,— 
a remarkable circumstance when it is considered that the great herbi¬ 
vorous land quadrupeds had no existence before the tertiary period. 
The small number of plants in the Cretaceous system is probably owing 
to the depth of the sea in which these formations were deposited. 

1182. Among Dicotyledonous fossils there are numerous Amenta- 
cese, Conifer®, and Cycadaoe®, besides many doubtful species. Among 
Monocotyledons, there appear to be plants belonging to Lihace®, 
Smilace®, Palm®, Potame®, Pandanace®, &c. Among AcotyledrMWj-^-' 
there are genera and species belonging to Equisctacc®, Lycopodiace®, 
and Filices, and a few Marsileace®, Musci, and Alg® 

1183. It is impossible in a short-treatise like this to allude to many 
of the fossil species of plants. It will be sufficient to indicate some of 
the more important genera. The vegetable remains met with in the 
Silurian and Devonian rocks are few and unimportant, compared with 
those which characterize the Carboniferous period; and their structure 

* UnEci e&ttmeiutdi 2421 fossil species inlasvurkcD Fossil genera aud species, puulislicd 
m 1850. 
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seems to iadicate either that they have been longer exposed to the 
agency (tf'Saoving water, or that they are cellular marine species. An 
exception to this, however, occurs in the Lignite noticed by Miller. 
It is in the argillaceous and sandy beds of the Carboniferous system 
we first meet with decided proofs of the existence of land plants. 
These strata and sands alternate with beds of Coal, a mineral which is 
of vegetable origin, and which is deposited in various quarters of the 
globe in hollow troughs, the layers varying from the thickness of a few 
inches to 10 or 20 feet. It is rare to find coal exhibiting vegetable 
structure under the microscope; but in certain cases this may be evi¬ 
dently seen. 1 have seen it in the Arniston coal of this neighbourhood. 
Some have maintained that each stratum of coal is the product of a 
peculiar vegetation, frequently difierent from that which precedes, and 
from that which follows it. Hence each stratum is often characterized 
by the predominance of certain impressions. In examining a coal 
seam, there are frequently evidences of three distinct phases. In jlie 
underclay there are roots permeating the mass; then comes the coal, 
which is either formed out of the plants whose roots are in the clay, 
or of others which have grown with them, or have been drifted; and 
lastly, above the coal there is the shale, which appears to have sty)- 
ported a vigorous vegetation. Unger has enumerated 683, and Brong- 
niart 500 plants as belonging to the Coal Measures. The latter is 
equal to about 1 20lh f)f the number of species now growing on the 
surface of European soil. 

1184. M. Brongniart, from the investigation of the several geolo¬ 
gical formations, has arrived at the conclusion, that three distinct 
periods of vegetation can be established. In the most ancient periods, 
the predominance of acrogenous cryptogamous vegetables (Ferns and 
Lyeopodiacece), later, the predominance of gymnospermous dicotyle¬ 
dons (Cycadem and Cuniferw), without any admixture of angiosper- 
raous dicotyledons ; and, in the last place, during the chalk formation, 
the appearance' and predominance of angiospermous vegetables, 
both dicotyledons and monocotyledons, may be considered as character¬ 
istic. These diflerences lead M. Brongniart to recognize three long 
periods of vegetable growth, which he terms the reign of the Acrogens, 
■fh^eign of the Gymnosperms, and the-reign of the Angiosperms, as 
indicative of the successive predominance of each of these three great 
divisions of the vegetable kingdom, rather than the complete exclusion 
of the others. Each of these three kingdoms is commonly sub¬ 
divided into many periods, during which traces of the same iamily 
and genera are discoverable. These periods comprehend many 
epochs, during which vegetation does not appear to have undergone 
any notable changes. Materials are often wanting to establish pre¬ 
cisely these subdivisions, either from a want of accimacy in deter¬ 
mining the exact geological position of beds enclosing vegetable 
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impressions, or because the division of the various species in the 
different beds of the same formation has not been carefully established. 
M, Brongniart proposes the following general division of the fossil 
kingdom :— 

I Reiof of the Acrooenr. 

1. Cabbohiferous Pebiod. 

(Not sasccptible of subdii ision into epochs in the present stal e of our kuowleilge.) 

2. Permian Period. 

(Formino; only one epoch '■') 

II. Reign of the G ymnorpeiims. 

3. A'^o.soian Period. 

(Constituting a single epoch.) 

4. Jurassic Period 

lieupnc epoch, Lias epoch, (Hilitic epoch, Wealden epoch. 

III. Reign op the Asoiosperjis. 

• 5. Cretaceous Period. 

Snhcretaccous epoch, Cretaceous epoch, Fucoidian epoch. 

6. Tertiary Period 

Eocene epoch, Miocene epoch, Pliocene cpocli. 

m 

118.5. I. Kcign of iiie AcrogpiiH.—111 this period Acrogens and 
Gymnosperms are found to have exisled_ simultaneously, the-foriuer 
predominating over the laller in number and size. The number of the 
Fern family, the great development of tlie Lycopodincex, are the most 
pirominent clmracters of tliis epoch. Other aimnialons families be¬ 
longing to the Gyinnospcrms are also met with, which differ from 
actually existing order.''. 

1186. I'oaall Plants of Ihp Carboiiiferoin !4Y»tpm.—The great mas,s 
of fossil plants of this system belong to Acrogenous Cryptogamics 
and Dicotyledonous Gymnospenns. Some of the plants called Palms, 
such as NoggeratJiia, Flubellm ia, and Ariijsiti, are referred by Brong- 
iiiart to the latter division. Ferns abound in this system, especially 
in the clays, ironstones, and sandstones The species are included 
under the genera Splteiieptcris, PecojUeris, Neuropterk, Odontopteris, 
Cyclopteris, Glossopteris, and Lorichopterk. These plants rarely exhibit 
any traces of ifuctification, in consequence of only one surface ort'Ee 
fronds being exposed to view, and they are therefore distinguished 
chiefly by the shape and venation of tlieir fronds. Thus, Sphenopteris 
a wedge, Md a fern), lias a bi-tripinnatifid frond, pinnse 

narrowed at the Kise (cuneate), not adherent to the rachis, lobed, veins 
bipinnate, somewhat radiating from the base (fig. 763). In Pecopteris 
{tUu, I comb), the frond is pmnatifid or bi-tripinnatifid, pinnae adnate 
to the rachis, sometimes confluent, a strong primary vein reaching the 
apex, the secondary veins being nearly straight, simple or forked, rarely 



FOSSIl PIAOTS OF THE CARBONIFERODS STBTBM. 


C25 


jiinnate, son rounded at the end of the secondary veins (fig. 794). In 
Neuropteris (I'eS^o*', a nerve), the frond is pinnate or bipiunate, pinn^ 
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bulieonuiir at tlie base, distinct from the rachi.s, strong primary vein 
vanihliing towards tlie apo.v, secondary"veins oblique, arched, repeat- 



790 707 ^ 

edly dichotomous (fig. 795). Tree-ferns appear to have eVisted in 
Ilritain during the deposit of the coal strata, and to have occupied an 

r'lg 79.7—SijhenQpiuM ttenliiglmnsH, a fern of the Caibonlforous sj-stein. 

Fig. 794.—I’ceopteris aouiluiu, auotlicr tern. 

FIs 79.5.—Nonroptoris Loshil, another fern. , . 

Fig 790 -spheuopjn Hum deutatnm, one of tho dnMous foivs of tlio Caibonlforoun nyalaii. 
pujlijiiis nlHed to Salisbuini. 

fri;; 7y7.—Annularitt bievifolla, u coal plant, the affinltica of which aic unknown. 

2 E 
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important place in the flora. Tlie stems of these ferns are included 
under the genus Caulopteris. The fronds have not been found at¬ 
tached ; but it is probable that some of the fronds found in the coal 
measures have been connected with these stems. Other plants, con¬ 
sidered by some authors as resembling Marsileacese, have also been 
found in certain localities; such as Sphmophyllum (fig. 796) and 
Annularia (fig. 797) 



1187. Some fossil plants, 
allied to Lycopodiums, also 
occur in the coal measures. 
Brongniart believes they 
are more abundant in the 
ancient beds than in the 
superior beds of the greater 
part of the coal formation. 
These have been included 
under the genera Lycopo- 
ditea (figs. 798, 799) and 
Selaginites. Some fossil 
species allied to these are 
grouped under the genus 
Lepidodendron a 

scale, and JsnSfoi', a tree) 
(figs. 800, 801). They ap¬ 
pear to occupy an interme¬ 
diate place between Coni- 



Fif;. "Sa-Lycopodltes (Walohia Si-Wntiielmli). a plant allieii to lyoopodlum. 

Fl(t. '99.—Lycopodltes (WaWila li.\ lUiniileB', another Lycopodiaceona plant. 

Klg. 800 —Lepidodendron crenatum, witli tlie acurs of the Icavea on Ita atom. It belongs to a 
famtiy of plants apparently intei-medlate between Conifeiie and Lycnp^iaccat 
Fig. SOL -Lepidodendron elegans, nitli ita dicliotonioua tiunk, and Unear acute leavea. 
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ferae and Lycopodiacese. Their leaves are arranged in the same 
manner as some of the Conifer®, and their scars are similar. Hieir 
branches bifurcate like Lycopodiace®. They occur in the form 
of dichotomous trunks, 20 to 45 feet high, with linear or lanceolate 
leaves (fig. 801) like those of some species of Lycopodium and 
Eutassa. The stem consists of a thin cuticle, a double cellular 
zone, a hollow vascular cylinder, and a pith. The tissue in the outer 
})art of the double cellular zone is arranged like that of ferns, the 
vascular cylinder is about of an inch thick, and consists of polygonal 
tubes marked with lines, while the pith is composed of fusiform cells. 
The stems are marked with rhomboid and orbicular scars (fig. 800). 
Their cone-like fruit is said to occur in a fossil form called Lepidoa- 
trobua; but under this name, as well as that of Strobihtes, the fruit of 
many different plants seems to be included. Lepidophyllum is said to 
be the leaf of some Lepidodendron, and Ulodendron is an allied genus. 

1188. Stigmaria (uTiyax, a mark or impression) is a fossil genus, 
the species of which abound in the coal measures. They occur gen¬ 
erally in the bed called the Underclay. Sligmaria jkoides (fig. 802) 
is the common species. It consists of a dome-shaped mass sending 
forth grooved and pitted branches, which divide dichotomously, and 
extend 20 to 30 feet. Slender processes are given off, which appear 
to have been hollow (fig. 802). These processes (called fistular roots). 



form an entangled mass traversing the argillaceousj^ower bed in eveiy 
direction. In Stigmarias three tissues are met with, vasctllar tissue 
forming the inner part of t^'o cylinder, ligneous forming the wood, 
and cellular tissue forming a broad cortical zone, as well as the central 

FIjr. SOS—StlKmariaflcoWeB; a branch elvlnir off flatular learea, ablch traTcrce the Onitercl.-.f 
In ell direetiona 

Fig. m-Slgillarla pachyderma; the stem marked with acais, and fluted longiiaOlnally. 
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iwrtion or pith. Some think that the stores of fossil fuel in Enf?lanil 
uud America are mainly duo to the presence of this plant. There 
are no plants of the present day which resemble Stigraarias, Stig- 
nmria ficoidcs has been found to be the rhizome and roots of a species 
of Sigillaria. Specimens of the latter have been discovered standing 
erect, and connected with Stigmarias. 

1189. Sigillaria (sigillum, a seal,) is another plant which .appears 
to have aided in the formation of coal. It occurs in the form of com¬ 
pressed stems, attaining a height of 40 to 50 feet, and a breadth of 5 
feet. The stems are fluted longitudinally, and marked at regular in¬ 
tervals by single or double scars, the remains of the leaf insertions 
(fig. 803). Some suppose Sigillaiias to be allied to Tree-ferns, otheis 
to Coniferse. Brongniart says they resemble Zamia integrilblia, and 
appear to predominate in the middle .and superior beds of the coal for¬ 
mations. King thinks that they are intermediate between Ferns and 
CycadacpjE. that the fronds called Nenvopteris constitute their foliage, 
while Stigmarias are their roots. They have a medullary sheath in 
the shape of apparently isolated bundles, and vessels intermediate 
between true spiral and scalariforui. Tlie hark is said to be composed 
of two dilForent layers, thus giving rise to dilfcrent impressions. The 
furrows or fluted marks are due to the arrungemciit of the leaves on 
the stem. King s.ays, that if in imagination we delineate a cliannellcil 
stem of any height between 12 and 100 feet, crowned with a pen¬ 
dant fern-like foliage, furnished with wide spreading tliickly fibrilled 
roots, and growing in some densely-wo^ed swamp of an ancient Mis¬ 
sissippi, we will then have formed a ^Rrably close restoration of a 
Sigillaria vegetating in its true habitat. 

1100. Calamites (iciXctfios, a reed), another coal fossil plant, occur, 
in tlie form of jointed fragments originally cylindrical, and perhap-i 
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hollow, hat now crushed and flattened (fig. 810). The stems are 
brunclied (fig. 80.5), and there appears to have been a distinct wood 

FIc. sb 4. -CnliiTTjItea Siickovll, compof?cfl of jointed striated fiagmentH having a bark< 

Fits SCO.—Cahimites cuiinsfurmU gi\lng oil buiukltv^ 
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find hark. Their internal cavity seems to have been separated by 
horizontal partitions at the articulations, the intervals between the 
articulations becoming smaller towards the ends of the branches. Both 
stems and branches are ribbed and furrowed (fig. 804). Some refer 
the numerous species of Calamites to Equisetacem, hut the pre.sence of 
wood and bark Iifis led others to phice them among jJicotyledons. 

Some interesting fossil Conifera;, included under the names Finites 
and Araucariles, are found in the carboniferous sandstone, as in Craig- 
leith Qn.arry, near Edinburgh. The specimens found in Craigleith 
have been referred to Piniten Wil/inmi and medidlare of Eindley and 
Hutton {Araucai lies of Goeppert, and Fiuloxijlon of Endlicher), 8ome 
ofthese seem to be allied to the Araucaria tribe; for instance to Eut.issa 
e-Kcelsa, the Norfolk Island Pine. Their wood, under the microscope, 
exhibits the punctated appearance and other characters of ConiferEB 
(tigs. 80(1-801'), and the disks are often in two or more rows (fig. 808). 



sne . 807 803 b03 


Some specimens have been found upwards of 70 feet long. These 
Couifene seem not to have been associated with the Sigillarias and the 
other plants which abound in co:d swims. They probably flourished in 
the neighbouthood, and were at times transported to these localities. 
A peculiar kind of fossil fruit called Ttigonocarpum, resembling that 
of a Palm, has been found in some of the carboniferous sandstones. 
di»ggerathi(i and Fluheliaria have been referred to species of Palms, but 
Brongniart considers them as Cycachiceous. Lygiiiodcndron (ht/yiuo;, 
wicker work,) is a peculiar coal fossil discovered by the Kev Mr. 
Landsborough in Ayrshire, and described by Mr. Gourlie. Its im- 

Klga 806-809—Thp stmeture of wood in recent Con'ili-ire, to illustrate the appearances pro- 
• nteu by some fossil woods. 

tig- 806 — i 1 anRvcrtie spctlon of a piece of Coniferous wood, of the natural size 
Pig, 807 —A section of the same wood seen tinder the nikToscoiie. Tiie niedullary rays and 
woody tubes seen witliout anv l.irirc jiorous vessels 
Fig 808.~IaOnglmdlnal section of the same. In the direction b c, magnified A medullary i. y 
seen crossing the woody tubes, wlucli me maiked by dibks. m one or ni<uerowa 
Fig. 809.-Section of the Rome in the direction a B, peipendiculur to tho medullary raya, which 
uio seen at intervals between the woody fibres. 
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pression consists of rounded narrow twigs, which cross each other 
like the parts of an osier basket. Sternbergia is a peculiar fossil, fon- 
sisting of horizontal plates, which are held together by some con¬ 
nection in the axis. Some look upon it as allied to Dracaena ; others 
regard it as fossilized discoid pith. It may be remarked, in general, 
that the Carboniferous flora' is uniform, or nearly so, in all parts of 
the globe where carboniferous fossils have been obtained, viz. the 
whole of western, northern, and eastern Europe, North America, from 
Alabama to Melville Island, various districts of Asia, Eastern Aus¬ 
tralia, and Van Diemen’s Land, and probably the Asiatic Islands. 

1191. As the great mass of fossils in the coal formation consists 
principally of ferns, Brongniart has been led to draw conclusions as to 
the climate of the globe, at the time when the coal fossils grew. Ferns 
of the present day thrive best in a moist insular climate, and many of 
them occur in tropical climates. Hence Brongniart conjectures that 
at the coal epoch the surface of the earth consisted of a series of islands 
in the midst of a vast ocean, and that the temperature was higher 
generally than that of the present day. In the forests of these islands 
lofty Lepidodendrons would occur with their delicate and feathery 
fronds; Sigillarias, with their fluted stems and enormous matted roots; 
Calamites, with their singular branches; 'IVee-ferns and Coniferous 
plants, resembling the Norfolk Island Pine, and towering 100 feet 
above the rest of the forest. He also thinks that the immense deposits 
of carbon at that epoch, warrant the conclusion that the air contained 
a large amount of carbonic acid. Th^ conclusions are, of course, 
mere hypotheses. In regard to the temperature, it may be remarked, 
that there is no evidence from the nature of the flora, of a marked 
increase of temperature at the coal epoch.' In New Zealand, which is 
in a latitude the same as that of a great part of Europe, a very large 
proportion of the vegetation consists of Acrogenous plants. Ferns and 
their allies, in that country, cover immense districts, replacing the 
grasses of other countries, and giving a marked character to all the 
open land. Some of the ferns attain a.height of 30 or 40 feet, and 
occur in groups. Hemitelia capensis too, a Tree-fern found at the 
Cape, was also seen by Gardner, at au elevation of 6,000 feet, on jjje 
Organ mountains, thus showing a capability of enduring a great range 
of climate, and warning us against hasty conclusions on the subject ol' 
the temperature of the world at the coal epoch. 

Dr. Hooker thinks that the prevalence of ferns may be regarded as 
a probable evidence of the paucity of other plants, and the general 
poverty of the whole flora which characterized the formation. He is 
led to these conclusions from observing the mode in which the ferns 
in Van Diemen’s Land and New Zealand monopolize the soil, choking 
plants of a larger growth on the one band, and admitting no under¬ 
growth of smaller species on the other. In New Zealand he has col- 
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lected 36 kinds of ferns on an area not exceeding a few acres ; they 
gave a most luxuriant aspect to the vegetation, wliich presented 
scarcely a dozen flowering plants and trees besides. 

II92. Some have supposed that the plants of the coal fields have 
been drifted into basins, others that they grew in the spots where they 
are now found. Beaumont thinks that all the vegetables which are 
now converted into coal, grew in swampy islands, covered with a 
luxuriant vegetation, which accumulated in the manner of peat-bogs; 
that those islands having sunk beneath the ocean, were there covered 
with sand, clay, and shells, till they again became dry land, and that this 
operation was repeated in the formation of each bed of coal, 'flie 
occurrence of stems of trees in an erect state (fig. 810 ), appeared to 



him to confirm the view that the trees were in situ. Ansted says, that 
although many trees are found in the coal measures in an erect or 
highly inclined position, there is no reason for believing that they grew 
on the spot whore they are met with. He rather thinks that they 
have been caught or .stopped in their passage down a rapid stream, and, 
like the snags in some of the great American rivers, have been detained 
till the lower portion was firmly embedded in the rapidly forming sand¬ 
stone. The embedding of st..ins in strata of sandstone, is similar to 
W'hat Gardner saw near the mouth of the Rio' San Francisco, where 

FIr 810—Vertical stems of fossil t'cee, Calamltes chiefly, found In the Coal measures of 
Tieuil, near .''aint Etienne. 
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coco-nut trees were found with their stems immersed to the depth of 
fiO feet or more in the embankment of sand which stretches along tlie 
shore. Phillips remarks, that the condition of the plants which com¬ 
pose the coal, the general absence of roots, the fragmentary state of 
the stems and branches, the dispersed condition of the sei)arable organs, 
all confirm the conclusion that the plants have been swept down tfo n 
the land on which they grew by watery curretits, often repeated, and 
deposited in basins and large estuaries of tho sea, or perhaps rarely in ' 
lakes of fresh water. 

1193. The natuic of the vegetables which appear peculiar to the 
Permian period, M. Brongniart believes is far from being determined 
in a positive manner, in consequence of the uncertainty which is 
attendant on the period of certain geological formations. On account 
of tiie.se doubts, M. Brongniart indicates three sejiarate floras. 1st, 
Tho Flora of the bituminous slates of Thuringia, composed of Algai, 
Ferns, and Conifeite. 2d, Tho Flora of the Permian sandstones of 
Eussia, which comprehends Fern.s, Eipiisetacea', Lycopodiacete, and 
Noggerathiae. Sd, The Flora of the slates of Lodeve, which is com¬ 
posed of Ferns, AsterophyHites, and Coniferat It i.s observed that 
many of the fossils met with in the bituminous slates of 'I’huringia 
appear to be marine plants, and that hitherto no species common to 
these localities has been found. 

1194. II. ItelBrn of^lic Gyinniispcrms. —In the Carbontferons 
period, the Acrogenons Cryptogams were found to predominate, while 
the Gymnospernious Dicotyledons were less miinerous. In this reign, 
on the other h.and, the Acrogens are less numerous, and tho Gymno- 
sperms ahnost equal them in number, and ordinarily surpass them in 
frequency. 

The reign of the Gymnospernious Dicotyledons is divided into two 
periods: the first, in whicli the Coniferm predominate, wliile the 
Cycadacem scarcely appear; the second, in ivhich the latter family 
prej/onderates as regard.s the number of species, and the frequency 
and variety of generic forms. Cycadacesc occupied a more important 
place in the ancient than in the present vegetable world. They ex¬ 
tend more or less from the Coal formation up to the Tertiary. They 
attain their maximum in the Lias and Oolite. ^ 

1195. Brongniart believes the Yosgesiau period not to have been 
of long duration, and to comprehend only the variegated sandstone, 
properly so called, or the Bed Sandstones and conglomerates of the 
iViassic system. It is characterized by the existence and presence of 
peculiar ferns, such as Anomopteri^and Orematopteris; while Gym- 
nospermous plants are represented by the genera Voltzia and 
Ilaidingera, Zamites, Otenis, .fEtbophyllura, and Schizoneura. Sigil- 
larias and Lepidodendrons disappear. Stems of arboiescent ferns are 
frequently met with. 

1196. The Jurassic period of Brongniart includes—1. The Keupric 
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Epoch, whose vegetable forms consist of Algae, Ferns and Equise- 
taceae, Cycadea; and Coniferse, and also of two doubtful Monoco¬ 
tyledons (PalfBoxyris and Preisleria). 2. The Lias Epoch, whose 
es.5ential characters are the great predominance of Cycadeas, and the 
existence among the ferns of many genera with reticulated venation. 
3. The Oolitic Epoch, which furnishes Algae, Ferns, Marsileacea;, 
Lycopodiaces, Equisetaceai, Cycadeae, and Coniferae. The distinctive 
characters of this epoch are—amongst the Ferns, the rarity of reticu¬ 
lated venation so common in the Lias; tlie greater ajiproach of the 
Cycadeas in character to those now existing; and the greater fre¬ 
quency of the Coniferai. 4. The Wcohkn Epoch, which is character¬ 
ized in the north of England by the abundance of the Fern called 
Lonchopteris Mantellii, and in G(‘rmany by tlie predominance of 
the Conifer, denominated Ahielites Linliii, as well as by numerous 
Cycadacese. 


3197. Fossil PInnts of ihe Hecondnrv Siirain.—The plants of the 
Secondary series'of strata are thus shown to be dill'erent from those 
ot the Garboulforous system. The Stig- 
marias, Sigillarias, and Lepidodendrons f 

cease, and arc replaced by ferns and .V N 

their allies. Plants of the Zamia tribe 'llVjy , \ i 1 

occur along with some Coniferae. The ' I 

jiinnatod frond called Flerophyllum (fig. p I S 

HI 1), appears to belong to a Cycnda- Jj 

ceous plant allied to Zamia, while Volt- ( J 

zia (fig. 812) and Pence seem to be < | 

Coniferous genera. In the secondary 
formations, generally, there are no true ! 
coal fields, although carbonaceous i ^ 
matter, in the form of imperfectly r , 
bituminized lignite, is found deposited f' 

occasionally. Notwithstanding the ab- 
Bence of true coal, the sandstones and ’ ^ 
shales of the Oolitic sy.stcra contain 
numerous fossil plants, which in their 
f^m and character seem to be a tran- an 

sition between the Palaeozoic flora. 






and that of more recent formations. In the upper Oolite at Port¬ 
land, there is a bed of earthy brown matter, about a foot in thick¬ 
ness, commonly known as the Dirt-bed, in which there is an assem¬ 
blage of silicified stumps of large trees (fig. 813). They are generally 
in an erect position (fig. 814), and appear to be in situ. • They are 
probably Cycadacere. Plants of this natural family, in the form of 


Fig. 81L.Arteropliy]luni Plcinlngeril, apparently the fiuinl of a fauul Cj eadaceoua plant ollteA 
to Staniia. 



C34 


F0S3IT- rTASTS OP THE 8EC0XDART STRATA. 


Zamites (fig. 816), Mantellia (fig. 814), Cycadites, and PleraphyUum 
(fig. 815), may be said to characterize the fossil flora of the older 



any leaves attached, but some suppose that the fronds called Ot^pteria 
are the leaves of some of the species. The occurrence of these tro¬ 
pical forms seems to indicate a warmer climate than now exists in 
Uritain. There are 6 existing genera of Cycadacete 1047). 
of these are represented in figs. 817, 818, sliowing the forms of the 
stems and leaves or fronds. There are 5 fossil ones according to 
authors. The fossil Cycadaceos known up to 1845, and distinguished 
by specific names, amount, according to Goeppert, to 78. Amongst 
these are 9 stems or stipes, 65 fronds, and 4 fructifications. The 
genera aru:— 

FlR. 812 —Voluia ticteropliylla, one of the conlfenc of the Triassic gyrtem 

Fir. 818 —The Dirt-bed of the Island of I’oi Hand, containinif stumps of fossil Cycadace* In an 
erect position • 

¥\r MantulUa nidlfornils (Cycndeoldea), one of the tillcihod Cycadace® of the Portland 
Diit-bed. 








Fig. 815.—PteTophyllum iULimsoiil, tlic frond of one of tlie fossil Cycadacesc. 

Fig. 816.—Zamitee. One of the fossil . ... 

Klg. 817.—Cycae reM)luta, one of tlic species of Cycas of the picscnt flora of tn© globe, witn its 
srnle-llVe stein and pinnate fionOs 

Fjj; 8l6 - Zauiitt pui-^ei.s, one ul the Cycadaccai at present existing on the globe. 
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To tliis some add Mantcllia and Palmozamia. The greater imniber ot 
these is found in the Oolite and Lias. In the inferior Oolites are also 
seen peculiar Coniferte, belonging to’ the genua Jirnchyphyllwn (fig. 
819), and a plant said to be a true Equisetuin (tig. 820). The fossil 
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Flora of the Wealden formation resembles, in many respects, that of 
the Oolitic system. Fronds of ferns, leaves of Coniferts (Splienophyl- 
/um), and of Cycadacete, occur along with some Fucoids. There are 
also silicificd coniferous trunks, and tno peculiar genera called Clath- 
raria and Endoyeniles. The former is .ui arborescent plant, having 
its balk formed by the union of the bases of the leaves, and covered 
by distinct scales. The latter is apparently a Monocotyledon, perhupi 
allied to Palms. Some fuiits, resembling those of Palms, are also 
found. In the Cretaceous sy.stein, there occur fossilized Dicotyle¬ 
donous leaves and fragnieiits of wood, marked by perforations of 
marine animals. Some of the Dicotyledons are Coniferous, others 
Cycadaceons. 

1198. Ill. — Reign of iiie Aiigioupmue. —The dominating character 
of this last transformation of the vegetation of the globe is the appear¬ 
ance of Angio.spermous Dicotyledons, plants which constitute more 

Fig Slfi.—Tliiichjjilijlluni. a Comferous touus of the Oolitic Systtm. 

Fig biO.—J-.quistluiu columnarc, a Iosm) s|ictiis ol the UoUte.* 
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than three-fourths of the present flora of the globe. In this reign, 
Brongniart distiugui.'hes two great periods—1st, The Cretaceous 
period, a kind of transition period between the reign of Gymnnsperrns 
and Angiospenns. The chalk flora is characterized by the (iynino- 
sperms almost equalling the Augiof-pertnons Dicotyledons, and by the 
existence of a considerable nuniber of Cycadacea?, which do not 
appear in the Tertiary period. The genus Credneria is one of the 
characteristic ferns 2d, The Tertiary period, presenting all the 
characters arising from the predominance of Angio.spermous Dicoty¬ 
ledons and Monocotyledons. 'J'he Fucoxdean Epoch, which seems to 
form the*natural limit between the cretaceous and tertiary periods, is 
characterized by deposits rich in Algm, of a very jicculiar iorm. M. 
Brongniart has not found land plants mingled with the.se marine 
species, nor does he believe that I'ossil woods have been met with. 

1199. The Tertiary period is characterized by the abundance of" 
Angiospermous Dicotyledons, and (if ilonocotyledons, more especially 
Palms. Angiosperms in the 'I'ertiary period are ibund greatly to 
exceed Gymnosperms. At the Cretaceous epoch, Cycadeie and Coni- 
ferae, allied to the genera inhabiting tropical regions, existed; during 
the Tertiary period, the Cycadem appear to have been completely 
wanting in Europe. M. Brongniart, having divided the Tertiary 
period, as regards plants, into the Eocene, Miocene, and Pliocene, 
believes that we shall find the number of species in the great divi¬ 
sions are thus distributed in those three Floras:— 


Closgcs and Sub'Claasis 

Eocene Epoch. 

Miotcnc Kpotlu 

Flioceiic I.poch 

Tliallogen® . 

16 

C) 

0 

Acrogenas. 

n 

4 


Monocotjlodones .. 

33 

26 

4 

Dicotylcdones— 
Gymnospernw.. 

40 

19 

31 

Angiosptrmm .. 

10.1 

78 

164 


209 

133 

2J2 


In the Eocene formation the fossil fruits of the Isle of Sheppey 
increase the number of Phanerogamous plants. 

1200. With regard to the characters drawn from vegetable forms 
during these three epochs, the most remarkable appear to be—1st, 
In the Eocene period, the predominance of Algffi and marine Naia- 
daoese, such as Caulinites and Zosterites; the existence of a great 
number of extra European forms, especially of fruits, such as Nipa- 
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ditee, Leguminosites, Cucumites, and Hightea, 2d, In regard to the 
Miocene epoch, the abundance of Palms, such as Flabellaria and 
Phcenicites, and other plants of warm climates, with others of tempe¬ 
rate and cold climates, such as Amentiferous forms. 8d, The Pliocene 
epoch is known by the great predominance and variety of Dicotyle¬ 
dons, the rarity of Monocotyledons, and, above all, the absence of 
Palms, as well as the general analogy of the forms of these plants 
with those of the temperate regions of Europe, North America, and 
■bipan. 

1201. FomsH Plant* of the Tertiary Strata. —From these observa¬ 
tions it may be inferred that with the Chalk formation, the ancient con¬ 
dition of organized beings appears to have ended, and a new one to 
commence in the Tertiary series. The plants of the Palteozoic and 
Secondary series are all extinct. Those which occur in the tertiary 
are totally different from all that have previously appeared. With the 
chalk, Ansted says, we close, as it.were, one great volume of the his¬ 
tory of animated creation. Everything up to this point belongs to the 
past; everything on this side of it may be ranked among indications of 
the present. New forms, new types of organization, corresponding to 
different habits and altered circumstances, now replace those which 
have passed away. The conditions under which animals and vege¬ 
tables lived were changed, and a new epoch commenced upon the 
earth. 

1202. Except a few doubtful fossils of the lowest organization, 
there are none common to the secondary and tertiary periods. The 
tertiary series are well seen in the south of Europe, Asia, and America. 
In Britain the tertiary deposits are met with in the London clay, in 
Hampshire and the Ida of Wight, the Suffolk and Norfolk Crag, and 



Fl^rfl 82t-S25.—Stracture of ordinary Dicotyledonous stems, to Illustrate the appearances pre¬ 
sented Py some tcrtiaiy fossil woods. 

Flp. 821.—Portion of a Dicotyledonous (Exogenous) stem cut transversely. Natural sise. 

Fiff. 822.—Section of tliesaraemajfnifled. to show the occun*enccof large porous vessels. The 
orriinarv Dicotyledons differ in this respect from Conlfem. 

Fig. d23 —Longitudinal section of the same in the line a b, perpendicular to the medullary 
plates, showing a large porous vessel, and the rays appearing here and there among the woody 
tissue. 
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in the Till of the Clyde. The London clay contains numerous fruits 
belonging to many hundred species of plants. The first tertiary land 



824 825 

of which we have knowledge, seems to have been richly clothed with 
plants. The strata are, generally speaking, rich in fossils. The stems 
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I'lg 824—Lem ot an unknown ftMtsil ElMn-.rfthe uittldie Teitiaiy eiMjch 
Fig- 826 .—Leaf of Ccnnptonia acutilobu, an Ameotacoons plant of the same epoch 
Fig. 826 — Section of a recent Palin ftem, to show its stracture. The (lark dots marking vascu¬ 
lar bundles in the midst of cellular ti8su& 

Fig. H27 —A portion of the same magnified, to show tho vascular bundles. 

Fig. 8.*8.—Polroacites Lamanonis. Leaf of a Monocotyledon rcsenibllng a Paltn. 
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find leaves appear to bo those of Dicotyledons, |ittle differing from the 
plants of the present day (fig.s. 821-82;')). In tlie brown coal of this 
series, the structure of the wood is evident, and distinctly e.xogenous 
(figs. 821-823), and there are often associated with it leaves of 
Poplars, Elms (fig. 821), and other foi-est trees. The fossil plants of 
the Isle of Slicjipey have been examined by Bowerbank, and have 
led to the determination of several hundred species of plants, all of 
them extinct, and all resembhng those of warmer climates;—fruits of 
I^'ipadites ( Pandaiwcarpuiu), a fossil plant, allied to Nipa, one of the 
Pandanacem; Wghlea, a five-seeded fruit, probably Malvaceous; also 
the fruit of a Protoaceous plant, and of species allied to Ganna, Cucum - 
her, and the Leguminosa! and Ck)nifiTa! of the present day. To some 
of them the names of Ciipm'dih^, Wclherdlia, Ciicitmilcs, and Mimo- 
siles, have been given. In some of the tertiary formations there occur 
pieces of wood, which present the structure of that of Pepper-jilants 
and of Palms (figs. 82(1, 827), and there are al.io le.ives which have 
the flabelliform apjiearance of Palm leaves, included under the name 
of Pulmacilfs (fig. 828). Specimens allied to Ghara aie also found, 
with their fructification denominated G'p)’ogo)iiles. Above the tertiary 
strata, and forming a continuous .senes with the foimations of the 
present day, occur the supeilicial dejiosits or the Pleistocene (n-xeioTo;, 
most,) group, 'i'hey arc a-scribcd to the violent action of water, and 
are sometimes called Diluvial. 

1203. There have thus occurred in this earth successive deposits 
and creations of plants and animals. These deposits liavm been vari¬ 
ously altered and distiibuted, but all have jiroceeded upon one grand 
and harmonious principle, and all S])eak the same language. They 
tell us of changes which have taken place during tlie preparation of 
tins world for the abode of man, tlie noblest of the Great Creator’s 
i.-orks. Many are aliaid to enter tipon the inve'-tigations of Paleon¬ 
tology, from a niislakeii idea that they are at variance with Scripture. 
We need not fear, however, that in pro.-.ecuting our scientific researches, 
we shall ever arrive at a point where the knowledge of nature will be 
found at variance with the tiaiths of Scri^ilure. The more each is 
studied, the more shall wc find occasion to admire the harmony that 
subsists between them, and the beautiful light of illustration whieh 
they reciprocally shed on one anotlicf. 

For further details on tlie Kiilijeot of Fossil Botany, consult Brongniart’s Plante.s 
Fossiles, Hutton and I.iiidlcy’a Fo.ssil Flora, Witham on Fossil I’lants, Goepperfs 
Fossil Ferns, Goeppeit on the Flora of the Brown Coal Formation, in Arbeiten der 
Schleaichen Gesdiscliaft for 1817, and in the Quarterly Journal of the Geological 
Society, VoL V., King’s Papers on the Coal Fossils in tlie Edinburgh Philosophical 
.lonmal, Hooker’s Papers in the Report of the Geological Survey of Great Britain, 
linger, Genera Plantarum fossihuni, and Chloris protogea; besides Geological works, 
such as Lyell’s and Ansted’a Geology. 
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I.— On the Use of the Microscoi'E in Botanical Researches. 

1204. The Microscope is a most important instrument in education. 
It is essential for the due undonstandinii of tlie struoturo and physiolog}- of 
plants The study of tlie niicruseupieal stnieture of oryanized bodies is 
tornied Histology ((Vraf, a weh or tissue, and discourse). Dr. 

(larpenter reniaiUsThe iiiuver.se which the microscope hriiiys under 
our ken, seems as uiiliounded in its limit as tliat whose remotest dejiths 
the telescope still vainly attempts to, fdlioiii. Wonders as great are dis¬ 
closed in a sp“ek, of whose niiimtcness the niiiid can scarcely form any 
distinct conception, as in the nio.st my.sterioiis of those nehiihe, whose 
mcaleuliiMe distance liafHes our hopes of attaining a more niiiiiile know- 
ledge of llieir constitution. Ami the general doctrino.s to wliich the 
labours of nncroseopists are manifestly tending, in regard to the laws of 
orgniiization and the nature of vital action, seem fully deserving to take 
rank in coriipiehciisivenesa and importance with the highest ]iiiiieipleH yet 
attained in tdiysical or chemical science. It is by pinsuing, by the aid 
which the niioioscojie alone can ailbrd to his visual power, the history of 
the organic geini, from tlie simple and homogcnemis form which seems 
common to every kind of living being,—eithei to that complex and most 
heterogeneous organism w'hidi is the muital tenement of man’s immorkd 
spirit, or only to that humble Proto[)hvte or rrotozoon. which lives, and 
grows, and inulti]ilies, without showing any essential advance u|ion its em¬ 
bryonic type, tliat the physiologist is led to the grandest conception of the 
unity and all-compreheiisivo nature id' that cieativc design, of whicli the 
development of every individual organism, from the lowest to the highest, 
is a separate exemplitioation, at once perfect in itself, and harmonious with 
every other.” The microscope {fUK^is, small, and rxenu, I see) is an instru¬ 
ment for enabling the eye to sec distinctly objects which are jilaced al a very 
short diatariCG from it, or to see mmiite objects that would otherwise be 
invisible. It has been used with great success in the examination of 
vegetable stnieture. To it we arc indebted for a knowledge of the various 
vessels and cells which enter into the composition of the different parts of 
plants, of the circulation Of fluids, and of ciliary movemenfs, as well as for 
the facts connected with the development of the embryo. It is an instru¬ 
ment, however, which requires to be used cautiously; and the conclusions 
drawn from it ought to be carefully weighed, more especially when the 
observations have been made witli high magnifyhig powers. 

2 e2 
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1205. Lenses.—Before proceeding to notice the coristmction of simple 
and compound microscopes, it will be advantageous to notice the ditferent 
kinds of lenses used, and the sources of error which require to be guarded 
against in their preparation. The chief forms of lenses used are, the 
doitbU-convex, witJi two conve.x faces; plano-convex, with one face flat and 
the other convex; doubk-crmcave, with two concave faces; and plano¬ 
concave, with one flat and one concave face. Sometimes, also, a meiiisci/s 
is used, with a concave and a convex face, and a sharp edge. Convex 
lenses with sharp edges cau.se parallel rays to converge; while concave 
lenses with flat edges cause them to diverge. 'J'he lenses used in micro¬ 
scopes are chiefly convex—tlie concave lenses being employed to make 
certain modifications in the comse of the rays passing through convex 
lenses, whereby their perfonnnnoe is rendered more exact. The magni¬ 
fying power of a single lens is its focal length. The principal focus 
is the point to which parallel rays converge after reflection or refraction. 
The focus of a double convex lens is at half the distance of a plano¬ 
convex, having the same curvature on one aide. Ten inches is the 
mean focal length of the human eye. In the use of ordinary lenses. 
I here are sources of error from the form of the lens, and tlie nature ot 
tlie material of whicli it is made. When paiallel raj stall on a double- 
convex or a jilano-convcx lens, they are brought into a focus at a certain 
distance : but it is found that no lens with a spheiieal surface can bring the 
r.iys of liglit coming from one point exactly into the focus at another point. 
Hence arises what is called sjdierical aherralion. In this kind of aber¬ 
ration, the objects at tlie circuiiiforence of the field of the microscope are 
not in focus at the same time as those in the centre. Moreover, the 
material of which the lens is made, acts difibrcntly on the dillercnt jiortions 
o( each ray, and sepaiatcs tlii‘ white light into diflereiit colours, wliiehhave 
various degrees of rcfrangibility. Tliis gives rise to chromatk 
colour) aherratian. To remedy these dcdects, certain combinations ot 
glasses have been adopted, so that the light tiaiersing one lens through 
the centre may pass througli near tlie margin of another. The confusion 
jirodiiced by these .aberrations may be greatly lessened by diminishing the 
pencil of light; for instance, by eiii[iloying a stop or diafihragm, which 
lessens the aperture of the lens, and cuts off the peripheral rays. In 
lenses of low power, such as ate used in the simple dissecting niicroseopc. 
these aberrations will not eaiise much confusion. It is only when high 
powers are required that these aberrations mu.st hi* done away with, the 
aperture being increased witliont interfering with definition. The invention 
of Wollaston’s doulilet witli two lenses, and Holland’,s triplet with thrd^, 
w,i8 witii tlie view of diminisliing, as far as possible, tliese aheiTations. In 
this, liowover, they W’ore not suoeessfiil, for coloured images were still 
produced. Their lenses were constructed of tlie same kind of material; 
and it was afterwards found that in order tliat lenses might present tlie 
object uncokmred, or he what is called ochroniatic (a, privative, and 
y^DUf^et. colour), it was neoe.ssary to use glasses of two difleient densities. 
Achromatic lenses, or sucli as are nearly free fiom aberration, are con¬ 
structed by placing together glasses of diflereiit dispersive powers, and of 
different forms. The usual acliromatic consists ol a donhle-convex lens, 
made of plate or crown-glasB, and a phino-cotieave, made of flint-glass. 
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fitted accurately to it, and cemented by Canada balsam. Sometimes three 
lenses are used, a double concave of flint-glass, placed between two double 
convex of crown-glass, and ground to certain curvatures; and in tliat ease 
they cannot be cemented. The most perfect combination of lenses, for 
high powers, consists of eight distinct lenses :—In front, a trifilet of two 
jiluno-convex lenses of crown-glass, with a plano-concave of dense flint- 
glass between them ; next, a doublet composed of a double convex lens of 
crown-glass, and a double concave of flint; and at the b.ack, anothei 
triplet of two double convex lenses of crown, with a double concaie of 
flint between them. By this combination, an angular aperture of 170® has 
bi eu obtained with an objective of iVth of an inch focus. This is about 
the limit; for 10° more would biing the ray.s to a straight line. 

120(>. mcruacopea are of two kinds—Simple and Compound. By the 
Simple microscope, objects are viewed through a single lens, or through two 
or three lenses jilaced to('ethcr, so as to form doublets or triplets. The 
glass is arrangeil so that it can be brought over the object, and adjusted, 
by means of a rack and pinion, or by some other contrivance, to its i-xact 
focal distance, the object, when opaipie, being seen by light tlnown fioiii 
above, and when transparent, by light transniittcil from below. This in- 
stiument. when used with single lenses nr doublets, is the best for ordinaly 
botanical investigations, more e.specially for dissections. The combination 
of three lenses ajiproacheH too near the object to be easily used. A vein 
high power may be obtained by mcaii.s of the lenses termed CoddingtonV 
and by doublets formed of plano-convex glasses. The chief objections to 
the simple microscope arc the fatigue attendant on toiig-continiied iiiresti- 
giitions, and tlic sinall field of view. In the simple microscojic, glasses of 
the following focal lengths may be employed—viz., 1 j inch, i, 4, j . and, 
if very minute objects are to be examined, of ot of an inch. 

1207. In the Compound numwcoyie there .are two sets of lenses,—the 
one called the ohjrct-fflass or objective, the other the eye-jtiece oi ociilat. 
The first receives the rays liom the object, and bringing them to new 
foci, forms an image, which the second treats as an original object .ind 
magnifies it just as flic single microscope magnified the object itself. The 
image is inverted, but this may be remedied by making the i.ijs pas.-, 
through another sot of lenses in the tube of the microscope, c.dled the 
erector. In the construction of tJie ohject-glassea, great care is taken lo 
render them .achromatic. Those made by the nio.st eminent Lomh n 
makers consist of two or three comjioiind lenses, which cannot lie used 
separately, but are fixed together in a tube. In the case of high poweis, 
the object-glasses are also provided with an adjustment foi the thhkness 
lit the glass covering tlie object to be viewed. This adjiistnient niiikes uji 
for the refraction caiiseil by the p^^ge of light through thin glass of dil- 
tcrent thickness, and is accomplished by altering the distance iK-twcen the 
second and third pair of lenses m the object-glass. This adaptation is espe¬ 
cially necessary in the case of a gla.ss with a large angle of aperture. In 
IloRs’s microscope, when the mark on the cylinder coincides with the longei 
markon the tube of the objective, the adjustment is pci feet for an un¬ 
covered object; when the coincidence is with the short mark, the proper 
distance is obtained to balance the aberration produced by glass ot an 
inch thick. The eye-piece, also, must be so formed as to be free from 
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error. That used is called Huyghens’, and consists of two plano-convex 
lenses with their plane sides towards the eye, and placed at a distance 
apart equal to half the sum of their focal lengths, with a diaphragm inserted 
midway between the lenses. In this eye-piece, the lens next the eye is 
called the eye-glass, the other the fleld-glaas. l!y the Huygheriian or 
negative eye-piece the object is seen inverted. The Kanisdeii or positive 
eye-piece consists of two plano-convex glasses, with the convex surfaces 
directed towards each other; by it objects are seen erect, and it is used as 
a micrometer eye-piece, that is, for ineasuiing objects. 1209.) The 
eye-pieces supplied with the best microscopes are usually throe; and they 
are so constructed, that, with each of the object-glasses, they give a cer¬ 
tain amjilitication of the object, the powens being in the [)roportion of 1, 2, 
and d, or 1, 1^, and 2i. In the best microscopes there is also an achro¬ 
matic condamr or eclairage, tlirough which the light reflected from the 
mirror passes. The amplification by means of an eye-picee in the com¬ 
pound microscope en.otilos us to use an o! ■ . ' .-.f ^ lower power than 

would otherwise be neccssaiy. This hied of ..in-. o| c, when well con¬ 

structed, gives a flat and colourless picture of the object, with clearness of 
definition. The observer can use it fir a length of time with less fatigue 
than when employing the sim])lc microscope. We.di eye-])iecc8 and strong 
object-ghasses are to be recommended. The rye-piece docs not add either 
I’learncss or distinctness to tlic object, and when it is very powei fill the 
field of view becomes too small to take in tlie wliole image ioriiied by the 
object-glass; for tlio niagnitude of tlie field of view and the sti’cngth of 
the illumination diminishes according to the inagiiifying |iower of the eye¬ 
piece employed. Tlic lower jiowcrs are of use in searcliiiig for the object 
to be examined, which may tlins be more easily found by a higher power. 
For the lower power a linear aiuphlleation of fioni 20 io ,*>0 di.imcters, and 
fir a liighcr power a linear ainphlication of fioin .'iOO to .''lOO diameters at 
most, will give a Ruflicicntly wide range of poweis. Tlic [lowers are 
increased by a more [loweiiul oye-]iieco or object-glass, or by both, or by 
lengtliening the tube of the micmscojic. 

1208. In examining vegetable structures, an inslrnment magnifying 
l.fiO to 200 diameters is usually sufficient; hut in some instances higher 
powers are reejuired. Achromatic ohject-lcnses of 1{, 5, and of an inch, 
are recommended as the most essentia!; and two eye-pieces should bo 
[irovided, one of about 1| and the other of 2J inches in length. The 
instrument should luive both a eoar.se and a fine adjustment; and it is of 
im[)ort.ance. that it should he made to inelme at an angle, or to stand 
horizontally. A moveable stage is also useful, so that the difl'erent paiits 
of the object may be viewed without hoing touched by the fingers, and a 
spring-lioldcT to fix the objects on tlu^tage. In figure 829 a compound 
microscope is represented. The stand, or base, consists of a strong tripod, 
a, supporting two upright [lillars, 5, 6, between the upper parts of which an 
axis works. This caivies the whole of the optical parts of the instrun*^ 
which can be adjusted to any inclination, liorizontal, vertical, or intermedisli. 
The stage, d, e, is firmly attached to the axis, as is also the double mirte,/. 
The triangular bar, g, has a rack on its posterior part, which is worked by a 
pinion, the milled heads of which are seen at /i, h. The body, i, -screws 
Mmly into the arm,/; the achromatic object-glasses are screwed into the 
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lioily at TO; the Hnyshenian eye-piece slides into the other end of the body. 
Tlie mirror is plane on ono side, and concave on the other, and is fitted with 
a iiniver.sal movement, so as 
to be inclined in any desired 
position. The milled heads, 
h, h, by being revolved, raise 
or lower the body, i, and 
constitute flic coarse adjust- 
inent; the fine adjustment is 
ell’ected by turning the milled 
head, p. 'I'he oliject to be 
examined is placed on the 
stage, d, and retained in tho 
required [losilion by the slid¬ 
ing piece, The qu.intity of 
light ailniitted through tho 
instrument may ho moditied 
by the diaiihiagra, r, which 
consists of a ]ilate of brass 
with four aiioituifis of dille- 
rent ihunieters, made to re¬ 
volve on a eetilial pin or 
axis fixed to the bottom of 
the stage. I’lovisiou is also 
made tor adding a jiolarizing 
ajqiaratns Igll). In ad'- 
ditioii to the four holes meii- 
tioiied as needed to admit tlio 
requisite amount of light, tlio 
diaphragm is furnished witli 
a filth hole, into which a 
Nieol’s prism may be screwed, forming the polarizer ; the nn.alyzer 
being seiewed into tli" uppei part of an adapter previously to its being 
attached to tlie hodj’, i. The polarizer is mounted on a double tube, so a» 
to be capable oi being revolved by turning a large milled liead at tbe 
bottom. A eoiidensmg lens lor illuminating n|)aque objects may be fitted 
mto the bole at tiie eoinei ol tbe stage ; it is so arranged tliat it can be used 
m any required position or angle. Among the objects often fiirmslied with 
the microscope is a plate of selenite, which, if laid under many animal and 
Vjfgetable struetureH while being exaraiiied by polarized liglit, will cause 
them to aK.sume boantiliil colours. Nachet lias invented a binocular 
microscope by which the objects are seen in relief. 

_ 12U9. micromctc'r—In measuring the size of microscopic objects, a 
rmcrometcr small, and a measure) is eint'h'ved. The stage 

nucrometer consists of a piece of glass, ruled with iioe iii.i ■> by means of a 
dianiond point, at some known dislance ajiart, such as tbe -rfeth or iifesth of 
an inch. A mode of ascertaining the magnifying power of the compound 
microscope is founded on tho assumption, that the naked eye secs most 
clearly and distinctly at the distance of ten inches. If a divided scale be 
placed on the stage, and distinctly seen magnified through tho instrument. 
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let a rule be held at ten inches’ distance from the right eye, while the 
observer uses, at the same time, his left eye in looking at the other scale 
through the microscope, and let the nde be gently moved so that it is seen 
to overlap or lie by the side of the magnified picture of the other scale.—a 
comparison as to how maey of its known divisions correspond with a 
number of those on the magnified scale, will indicate the magnifying power. 
Upon a similar principle a pair of compasses may be substituted, whose 
points being placed on the stage are separateil till they cover or mark otf 
so many spaces as magnified by the instrument. If they cover 1 magnified 
space, and correspond to 2, 3, or more known spaces on the rule, then the 
iiistniment is said to magnify 2, 3, or more times linear that known space. 
IfTAoth of an inch is found to cover 2 inches on the rule, the instrument 
magnities 200 times; if 3 inches, 300 times; if 4 inches, 400 times, and 
so on. In this way is determined the magnifying power of any com¬ 
bination of lenses, and the scale which is magnified is called the object- 
glass micrometer. The size of objects may be measured by placing 
them directly on this micrometer; but it is obvious that they cannot 
under high powers be brought into focus at the same time as the lines ol 
tlie micrometer. An instrument called the eye-pieee micrometer is there¬ 
fore generally used. It consists of a known scale ruled on glass, and placed 
in the focus of the upper glass of the eye-piece. Tlie glass is divided by 
lines varying from Atii to rJirth of an inch apart, and is placed either in the 
focus of the eye-lens or below the lield-loris. It is ohseived with it how 
many of its division.s correspond with one division magnified by the micro¬ 
scope. Thus, if with an instrument which is known to magnify 2.50 
diameters linear, it is found tliat 1 space of the magnified micrometer cor- 
1 esponds with 5 of the eye-piece micrometor, tlie size of the object will be 
4th of the known scale. If the scale be Tubirth part of an inch, and the 
object is seen to conospond to 1, or to 4, oi to .5 of those spaces, then its 
size is the inbstli or Tobutli, or TSboth part of an inch. In using the eye¬ 
piece micrometer, the marked side of the glass is put undermost. Otlier 
kinds of micrometers are also employed, such as the cobweb micrometer, 
where, by the motion of a screw, tine hairs or cobwebs arc made to separate 
from each other. The exact size of objects can only be determined by 
actual measurement; liut at the same time the size may sometimes be 
conveniently compared witli that of any other familiar microscoiuc object, 
sueli us a liuiuan blood disc, or the like. 

1210. microscopic .Ipparatus.—In delineating minute structures, it is 
useful to have the image tlirowu on paper by moans of a camera-luckhi, or 
small prism, which can be easily attached to the microscope. In ttie 
apparatus sent along with microscopes will be found a compresmriujn, foi 
the purpose of applying pressure to oVvjeets whilst theji are under examina¬ 
tion, troughs for holding such plants a.s Ohara, which are to be seen in 
water, and various instruments for the dissection and examination both of 
animal and vegetable structures. In testing the power of the instruments, 
certain minute objects are used, such as the scales of Podura plumbca 
or common Springtail, of Lepisma saccharina or sugar-louse, of Ilippardia 
janira or common me.adow butterfly, I’ontia hrassica or cabbage butSM^ly. 
the hair of the larva of Dermestes or bacon-beetle, muscular librillse, and 
the minute markings of the Diatomacese, as I’leurosigma hippocampus. 
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Certain markings occur in these test-ol^ecis, which can only bo seen properly 
liy good microscopes. In viewing objects under the microscope, they must 
he placed on slips or slides of glass, which should be of a uniform size, not 
less than three inches by one ; and they should be covered with round or 
square pieces of very thiii glass, ifeth to riuth of an inch thick. The slides 
ought to be made of thin plate-glass, and the covers of very thin crown or 
plate-glass. In examining recent vegetable structures, it is best to moisten 
them with water. When the j)arts are dry, thin sections may be made either 
by means of slicing instruments, or by a sharp knife. Many drj- objects 
are well seen when immersed in Canada balsam. To preserve objects in a 
moistened state, the substances used are alcohol, a mixed solution of salt 
and alum and corrosive sublimate, water containing a small (luantity oi 
creasote (5 grains to the ounce), and glycerine. 'I’he objects, in such 
instances, are placed in shallow ghass cells, or thej’ are laid on the slides 
•ind covered with thin glass, which is cemented by means of ja[)anner’s 
gold size, or black japan varnish. The methods of proceeding are after¬ 
wards described. 

1211. Polarization and Polarizing Apparatus .—When a ray of light 
is reflected or refracted in cerbiin peculiar conditions, it acquires remark¬ 
able properties, and is said to be polarized.* Light is polarized by 
reflection, simple refraction, double refraction, and by absor]>tioii. Double 
refraction is seen in certain crystals wliich have tlie pow'er of .separating a 
lay of light passing tlirongh them into iiortioiis. By absorption is indicated 
tlie property possessed by certain transparent media of ahsoibing oi 
stopping a jiart of a ray of light and transmitting tlie remainder. In the 
ease of common or uiipolarized light it is suiiposed tliat the vibi;gtion of 
luminous particles takes place in more jilanos than one—two of these plane.'- 
heiiigat right angles to one another, and the particles vibrating first in one 
(ilaiie and then in another. Polarized light, on tlie other hand, is produced 
by vibrations in one platio. 


A Ray of Common Light, 

1. Is capable of reflection, at oblique 
angles of iiieidcnce, in every 
jiositioii of the reflector. 

2 Penetrates a plate of toicrmaline 
(cut parallel to the axis of the 
crystal) in every position of the 

• plate. 

3 Penetrates a buiulle of 2 >arallel 
glass 2 dates, in every jiosition of 
the bundle. 

4 Suffers double refraction by Ice¬ 
land spar, ill every direction, 
except that of the axis of the 
crystal. 


A Ray of Polarized Liglit, 

Is I'apahle of reflection, at ubllqiu' 
angles of incidence, in ee.rtain 
jiosilions only of the reflector 
Penetrates a plate of lounnalme 
(cut parallel to the axis of die 
crystal) ill certain positions of the 
jilate, hut in otbeis is wholly 
intercepted. 

.3. Penetrates a handle of 2 mralhi 
glass pUitca, in certain |)Ositioris 
of the bundle, but not in otheis. 

4. Does not suffer double rejrcudwn 
by Iceland Sfiar, in every direc¬ 
tion, except that of the axis of 
tlie crystal. In certain jiositions 
it suffers single refraction only. 


Difference beticern Common and Polarized Liglit.'\ 

1 . 

o 


Dernpd from tliP supposod to tl>e poles of a niaginot 

*+ I’creira on Pol.inzed Liglit, p -CH 
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."1212. A pokiiscope is used to ascertain whether light has undergone 
polarization. This consists of two parts, one for polaiizing the light, t^led 
tt^ polarizer, the other for examining the light, called the analyzer or test. 
]% the compound microscope a prism of Iceland spar (prepared by dividing 
the obliqtie rhombic prism into two wedges and then joining the two edges 
by Canada balsam), is placed under the stage as a polarizer, and a similar 
prism is placed over the eye-piece as a test. The Canada balsam separates 
the two images of the doubly refracting spar to such an extent that one 
only is seen through the prism. Two thin plates of tourmaline may be 
used instead, and in tliat case the light is polarized by absorption. When 
light reflected from the mirror through the polarizer is examined by the 
analyzer it is found that, upon revolving either the one or the other, the 
light is twice completely stopped on each revolution, and the field of view 
darkened. To exhibit the phenomena of polarized light, interpose between 
the polarizer and analj'zer a thin plate of some doubly refracting substance, 
which is called the depolarizer. This depolarizer divides the ray into two. 
or (iroduccs two systems of waves polarized in planes at right angles to each 
other. One of these systems traverses the depolarizer more slowly than the 
other, and thus the two intersect each other, or interfere, and in tliis case 
colour is usually produced. • 

1213. A writer in the “North British Review,” for 1856, makes the 
following observations on the polarizing microscope:—Certain struc¬ 
tures in minerals and plants, and on the tisaues and various parts of 
animals, are wholly invisible in the microscope. In the comoa and 
crystalline lenses of animals in composite minerals, and in simple mine¬ 
rals, sqpli as amethyst, arialoimo, and apophyllite, in a great variety of 
crystals, to which the name of circular has been given, and in ptoits, 
there are beautiful organisms arising from differences in density, to which 
the human eye, even if assisted by tlie best microscopes, is absolutely 
blind, when viewed by common light. This light as it comes from tlio 
sun, and from artifiiaal flame, consists of, or may be divided into, two 
kinds of light, as electricity may be divided into vitreous aiW resinous, on 
•nagnetism into north polar and south jiolar. Thus divided, common 
light is said to bo polarized, and the two portions exhibit different 
properties when reflected from, or transmitted through bodies. If we 
suppose a cylindrical beam of common light to he composed of different 
]>arts, like a unmher of shillings arranged in a cylindrical row with the 
queen’s heads lying in all directions—then, if one half of the shillings, 
separated from the other half, have all the queen’s beads standing 
upright, and if the other half have all the queen’s heads lying htfii- 
zontally, we shall have an idea of polarized liglit. Now, the sepa¬ 
ration of common fioiu polarized light may be efl'ected by making light 
pa?s through several plates of glass, at au angle of about 65“; all the 
reflected light will be polarized like the cylinder of shillings with the 
queen’s hews upright, and the ti-ansmitted light (when the plates are 
suffloiently-numerous) like the cylinder with the heads lying horizontally. 
Light similarijr reflected from a single polished surface of transparent or 
, black bodies, not metallic, will also bo jiolarized. Common light may be 
divide^tinto two polarized pencils, by passing through certain crystals, 
such .^glcelnnd spar or quartz. Each pencil is polarized oppositely, and 
wliea^trliomb of Iceland spar is cut into two parts, (tnd these parts are com- 
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bined so that one of the pencSe is hindered from reaching the eye, it 
ronerfitutes a Nicol’s prism, now used in the polarizing microscope. In 
certain crystals, such as totirmaline and herapathite (the sulphate of iodo- 
quinine), one of the pencils is absorbed, and plates of these substance)^ 
therefore, are used in microscopes as polarizers. When polarized light hM 
passed through any transparent body, a change is made visible by looking 
through anotiier polarizer placed transversely to the first polarizer, which 
is called the analyzer. The structure of the microscopic object is 
thus displayed in different colours, or in difierent shades of white light, 
the colour or the degree of light depending on the thickness of the different 
parts of the object. The forms thus disclosed to the eye are at once 
splendid and beautiful. 

1214. The polarizing microscope, simple and compound, was first con¬ 
structed and used by Sir David Brewster in 1815. In the Simple Polariz¬ 
ing Microscope, a single lens or a doublet with a piece of tourmaline the 
size of the pupil, as the analyzer. Is placed between It and the eye ; tlie 
object is then examined by polarized light produced by reflection or 
otherwise. The magnifier and analyzer may be united in a lens of 
tourmaline. In the Compound Polarizing Microscope, the analyzing 
Niool’s prism is placed immediately between the object glass, and another 
Nicol’s prism, or a small rhomb of spar, presenting one of its pencils to the 
object, IS placed beneath the object.- Along with the polarizing apparatus, 
there is generally sent a plate of selenite (which is a film of sulphate of 
hme or gypsum) of such a thickness as to polarize a blue of the second 
order. This plate is used to show weak polarized tints, as well as to 
show off the colours of polarizing structures by displaying them on a blue 
ground. When thus exhibited, all the negative tints (as they' may be 
(ailed) are dimmished, and all the positive ones are increased; and the 
effect of the plate is to mark the true character of the phenomenon. 

1215. In proceeding to use the microscope, it is necessary to have a 
variety of tools and apparatus to aid in preparing objects for investigation. 
These may be arranged beside the observer in such a way that they shall 
be always witWn his reach.* A small tray or box, with divisions, contain¬ 
ing a pair of needles in handles (such as are used for crotchet needles), a 
sharp knife or razor, a section-knife (such as that invented by Valentin, and 
which bears his name), scissors, and a pair of sharp or fine needle-pointed 
forceps, about three inches long, are among the most essential instruments 
required. Glass elides may be arranged also upon the same tray for common 
use, and the thin glasses for covers should be kept in a small box by thom- 
selv^ In manipulating the object to be examined, certain re-agents are 
reared. These are :—1. Distilled water; 2. Alcohol in the strong state, 
and also diluted in the proportion of about 1 part to 10 of distilled water. 
It is the best preserving agent; it removes colour and also air. 3. Ether, 
which dissolves resins, fats, and oils. 4. A solution of liquor pota^te diluted 
to about 1 to 20. It itu)dl» up, and sometimes separates membranes of cells 
and tubes when tliey exist in condensed layers. 5. A solution of iodine 
in iodide of potassium diluted to the following strength,—namely, 1 grain 
of iodine to 3 grains of iodide of ptiassium. and an ounce of distilfed water. 

• fouovinic detuOs «re rwllv corcli Died from Ircatiee on Ujo tiucrOMope, and 

from tho works of UsDiiOTer, Qjiekctt, Jabei Hogg, and Boala. 
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6 . Chromic acid diltrted in tho proportion of about 1 to 30 or 40 of dis¬ 
tilled water. The last two re-agents chiefly act by colouring the cell 
walls or the coateuts of the cells. 7. Sulphuric acid. 8. Oil, such as 
the finest of that obtained from coal, and known as mineral oil, is to be 
reboinmended for examining and preserving objects in. It does not 
become rancid, nor has it any affinity for oxygen. For the examination 
of pollen and spores there is nothing better. 9. One part of dry muriate 
of Hme and 3 of water makes also an excellent solution for preserving 
objects which do not contain starch. 10. Glycerine is the beet preserving 
agent for cells containing starch. 11. Canada balsam; and 12. Turpentine, 
are most useful re-agents and preservative materials for many dry pre¬ 
parations. 13. A strong solution of carbonate of soda. 14. A solution of 
nydrochlorio acid may also be found useful in removing deposits of car¬ 
bonate of lime. 15. A solution of acetic acid. 16. A solution of carbonate 
of potass. These sixteen substances should be arranged in stoppered 
glass bottles, fitting into a stand or box, so as to be of easy access, and 
little brushes, pipettes, and glass rods, should be arranged beside these 
bottles, in order to apply the fluid to the object. Lastly, the student 
should provide himself with a small note-book of good drawing-paper, on 
which be ought constantly to practise the delineation of the fmnns or out¬ 
lines of the objects seen, and he should endeavour to colour them also 
when required.^ 

1216. Numerous other requisites and appliances will suggest themselves 
during the course of investigations, and especially such as will secure 
cleanlinoss of the object, and of everything used in the research. 1. One 
who has any regard for his instrument will never sufier it or its lenses to be 
bandied by those unaccustomed to their use. 2. The microscope, when 
not in use, miwt be kept under cover, generally under a glass shade. It 
should never be exposed in a chemical laboratory. 3. Its lenses must be 
cleansed when necessary by a cloth which is used <mly for that purpose, or 
by dry elder pith. The cloth best adapted for this purpose is old and 
frequently washed linen. 4. A separate cloth of a coarser kind is to be 
used for drying and wiping the slides and covers. 5. Covefs of a middle 
size, from concave disks, sucli as watch-glasses, up to the size of a wine¬ 
glass without the stem, or other bell-shaped jars, are also required to pro¬ 
tect the objects, if it is necessary to leave them for any length of time. 

1217. The microscope is used to the best advantage in a room which 
receives its light from the north, or west, or both. The light which is 
reflected from a white and motionless cloud opposite to the sun, is the best 
that can be obtained. If gas-light is to be used, it ought to be corrected 
or modified by passing it through blue glass shades before reaching The 
mirror; but for exact observation, daylight is always to be preferred. In 
oondneting microscopic observations, great steadiness of the instrument is 
required, which shomd accordingly be set upon a very firm and sufficiently 
large table, so that all the apparatus hitherto mentioned shaD be within 
reach of the observer. It is proper also to begin the examination of 
objects with the lower magnifying powers, and to pass padually fi'om them 
to the use of the higher powers. By such means a far larger portion of 
the object is seen, and a more correct idea is obtained of tlie relations of 
ihe parts when considered as a whole. Object-glasses, varying from 30 to 
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50 diameters, are the best to begin with. The eye-gkss of lowest power, 
that is, the longest one of the series, is also the one which ought generally 
to be used in the first instance, and as long as the power can be increased 
by otyect-glasses of greater magnifying power, any more powerful 
piece should not be used, because by the use of such eye-pieces the inu^ 
is rendered more obscure, while less light is obtained for its display. 

1218.—Sources of Errors of Obsemitlon.—Extraneous or acci¬ 
dental ohjeotB may be present, and may be derived from various sources. 
Thus, water too long used may bring before the eye both plants and 
animals of the lowest forms, which otherwise would not have been pre¬ 
sent. Fresh water is absolutely necessary, and it may be even recently 
distilled. Particles of dust, or fibres from the cloths used in cleaning the 
glasses, may also add to the confusion. These consist, generally, of fibres 
of paper, linen, woollen, cotton, qy silk fabrics, or minute hairs from the 
brushes used in manipulafion. Air-bnbbles are almost invariably a source 
of confusion to tlie microscopic observer in his first attempts; but once 
seen and studied, they no longer distract the attention, and the micro- 
soopist soon gets into the habit of disregarding their presence. They 
generally appear in the form of circles of larger or smaller diameter, with 
a dark black-looking rim, seen by transmitted light; wliile with incident 
or reflected light, their rim appears of a white colour. Pressure under a 
glass cover causes them sometimes to assume very irregular sharies, but 
jiossessing the same properties in their margin or outline in their behaviour 
with the light. It is also necessary to become familiar with the appear¬ 
ances of the lowest forms of animal and vegetable life, such, for instance, 
as ijie common forms of infusoria, the yeast, and such like plants { and the 
diflferent forms of mould. It must not be forgotten also, that the various 
menstrua used in manipulation contain elements which properly belong to 
them, and which must therefore be distinguished; for example, the epi¬ 
thelium of the saliva, the Wood corpuscles which may he in senim, and 
crystals which may be deposited in various fluids which are used as re¬ 
agents. A peculiar motion, known as “ molecular motion,” is also a 
phenomenon which must be recognized. It is peculiar to all very small 
particles or molecules, when they float in a very thin fluid medium. It is 
best seen in the fine granules of milk when mixed with water, in the milky 
juices of the plants, and may be observed very distinctly in solutions of 
India-rubber, or caoutchouc, when dissolved in ammonia. A magnifying 
power of 400 or 500 diameters is the best for this observation. Another 
class of deceptions originates in the eye itself. These are the “ muscas 
vojjtentes,” the nature of which is described as follows by Dr. W, Mac¬ 
kenzie in his Treatise on the Eye. 

The vision of objects on the surface or in the interior of the eye has 
attracted attention, chiefly in relation to a symptom, to which the name of 
vohtantes has been given. Any spectrum, or visual appearance, 
which is Mt to impose on the mind, and lead one to think that flies are 
called a musca voliiam (fig. 830). 

The condition comprehenda those sensations which arise from, 1. 
^e layer of mucus and tears on '&e surface of the cornea; 2. Corpuscles 
between the eiternal snr&ce of the cornea and the focal centre of the eye; 
3. Corpuscles between the focal centre of the eye and the sensitive layer 
of the retina. 



652 


ERHOBS OP OBSEBVAltON. 


“In hanging the head overthe microscope, eBpecially if one is affected 
with catarrh at the time, the globules, by grarilating to the ceartte of ttie 
cornea, not unfrequently appear to tie observer so as so impede his view 
of ^e object, till by the act of nictitation he clears them away. In tele- 
Bcc^ic observations, also, the muco-lacrymal spectrum is apt to prove a 
source of annoyance. Thus, in looking at the sun through a tintM glass, 
the observer may be unable to distinguish the spots on that body, being 
perplexed by what seems the reflection of some part of his own eye inter¬ 
posed between it and the sun. This is caused by the layer of mucus and 
tears on the surface of the cornea. 

“ If one looks at the flame of a candle two or three feet distant, or at 
the sky, through a hole made in a blackened card with the point of a fine 
needle, or through a convergent lens of short focus, such as the eye-glass 
of a compound microscope, on steadily regarding the luminous field pre¬ 
sented to view, four sets of spectra will he seen-^ftg. 830), independent of 

the muco-lacrymal spectrum. 
The most remarkable appears 
nearest to the eye, and consists 
of twisted strings of minute 
pearly globules, hung across 
the field of view (fig. 830 a). 
The second in point of remark- 
ableness, and the farthest of the 
four from the eye, consists of 
watery-like threads, destitute 
of any globular appearance, and 
depending chiefly from the 
upper part of the field (fig. 8,30 
b). I call the former the^eoriy 
gpectrum, and the latter the 
watery spectrum. In two dis¬ 
tinct planes, between those 
occupied by these two spectra, 
float two sets of globules, not 
aggregated into threads, but 
insulated. These constitute what I call the insuh-gUAular spectra. 
Tlie individual globules of the set farther from the eye, being hazy 
and ill-dcfined, may be compaffed in appearance to small grains of 
sigb (fig. 830 c). The globules of the set nearer to the eye are clear in 
Pio centre, exteriorly to which they present a sharp black ring, and still 
more" exteriorly a lucid circumference (fig. 830 d). These four setf of 
spectra never mingle with one another, so as to change the order in which 
tljey stand before the eye; but the pearly spectrum always appears the 
nearest; then the shaiplv defined insulo-globular; then the obscurely 
defined globules; and farthest away the watery threads. 

“Almost every eye, even the most healthy, and which has never 
attracted the possessor’s attention by musete volitantes, exhibits the pearly 
spectrum, on being directed towards a luminous field, through a fine nin- 
bole, the eye-glass of a componnd microscope, or a convex or concave lens 
of.sbort focus. I have given it the same name of the pearly spectrum, from 
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its resemblance to a ftmig of pearls. Prevost had already caUed it appa- 
rencip^lM, or simply periet. 

lines of tne pearly spectrum are hung across the field of vision 
as often transversely as vertically. On first .directing the eye towards the 
luminous field, in one or other of the methods just mentioned, perhaps only 
a very few small pearly globules are perceived; but after steadily regard¬ 
ing it for a short time, numerous strings of them are discovered, generally 
twisted in different forms, and presenting a variety of knots, loops, and 
agglomerations. Sometimes they are so numerous as to form an extensive 
shower or cloud. The pearly threads are of different lengths; some of 
them very short, others stretching across the whole field. Not unfre- 
quently some of them end abruptly in a sort of bulb. The globules or 
pearls forming the threads or rosanes, seemed joined together merely by 
apposition, without being contained in any tube. Sometimes, however, 
the globules are rather indistinct, and then the threads approach to a 
tubular appearance. The globules are always in single rows. They 
appear destitute of any nucleus. They are not all of one diameter, but 
are all smaller than the globules of the insulo-globular spectra. I have 
not satisfied myself tliat all the pearly threads occupy the same plant, 
although it is very evident that they are behind the insulo-globular spectra. 

“ That portion of the pearly spectrum which appears in the centre of 
the field of view has but little real motion, less perhaps than the watery 
spectrum which is seen beyond it. Both partake, of course, in the motion 
of the eyeball.; and this gives to both a wide apparent motion. But if the 
field be examined towards its circumference, or if the eye be suddenly 
rotated upwards, other pearly spectra appear, which it is difficult or im¬ 
possible for the observer to bring directly before him ; and which, When 
lie succeeds in some measure in doing so, quickly subside again out of view, 
partly by a real motion of their own, partly by a wide apparent motion, 
owing to their obliquity in respect to the axis of vision. It is these last 
spectra, chiefly, which produce the pearly muscae volitantes.” 

There are also various optical phenomena caused by refraction, and 
which are necessary to be attended to. They depend, for the most part, 
upon a bad adjustment of the focus, or illumination of the object The 
appearances are also most frequently associated with an increase of the 
magnifying power, and especially with the use of powerful eye-glasses. 
Large grains of potato-starch, pollen-gi-ains, the thickened substance o! 
wood-cells, and the cells of cartilage, are among the most common objects 
which exhibit such optical phenomena, which consist in a feeble and gene¬ 
rally yellowish colouring of the edges of the objects when seen with parti- 
c#lar foci. 

_ 1219« Focal AiUustment of the MieroacoFe’—The regulation of this 
adjustment is based on the fact, that the microscope can only afford a 
view of one surface of an object at any given time, so that nothing is dis¬ 
tinctly seen which lies above or below such a focal plane at that time; and 
the more fiat the field of vision, tlie clearer and better will be the view of 
objects in that plane if the adjustment is correct. The more perfect the 
object-glass, and the greater the angle of aperture, * the more exact is this 

* The ugle (rf sperture u that maJa by two Unea from opposite ends of the aperture of the 
objeet-glasa with the point of focue ((Tthe leoi. A glaae wtth a large angle of aperture ehOTs 
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focal plane, mi the ^ore seasitiye & thc/hjatraai^tfr to any swall altera¬ 
tion of focus. The load adjusbnent is made aad- tiiaried by what is called 
a adjustment serfew,,and which is sotstelimes graduated; and the ac- 
cureto adiustment of the object is judged of by the sharpness of the deline- 
aigon.'^ the image, as well as by me fineness and clearness of the ou^e. 
J^.eaperiencad microscopic observer always uses the instrument with his 
fingST and thumb gra^mg the fine adjustment screw, and would not be 
contmit with his observation, although it was limited to a mere peep of the 
object, unless he had made the fine focal adjustment for himself, 

12^. rrepanatioa aiul fletectlon of 01|]e<n:a for Exanilnatten.— 
Opaque objects require merely to be made smooth or level on one side, 
and to be fixed on the other. If the object is to be viewed by transmitted 
light, a section or slice sufficiently thin must be procured; a common sharp 
knife, a razor, or Valentin’s section knife are the instniments to use. They 
must bo moitoDed with water, and sometimes it is advisable to make the 
section under water. If the object is very delicate it may be laid between 
two pieces of cork, and the whole cut through. If the object is hard, such 
as a fossil plant, it must be ground down with a file, a grindstone, or a 
lap, and then polished on one surface. This surface is to be fixed to a 
glaw slide by Canada balsam, and the opposite surface nibbed down and 
polished in a similar manner, till it is sufficiently thin to be viewed by 
transmitted light, and it must be of uniform tliinness. Sections 
should be made in various directions, so that a correct knowledge 
may be obtained of the relation of the component parts. Maceration in 
water, and tearing the parts asunder with fine needles, are the best 
methods for obtaining the ultimate tissues of plants. Thin glass plates to 
cover the object under the microscope must be invariably used. They 
prevent evaporation, and preserve the moisture about the object; they 
prevent the object-glass from being covered with vapour, and so tendered 
obscure, and, lastly, they produce a slight pressure, by which the elementary 
parts of the substance may become separated from each other, so as to lie on 
one plane. The thin covers are not absolutely necessary where very low 
powem are used. In placing the object on the stage care must be taken 
not to bring it in contact with the object-glass of the instrument. It is also 
to be remembered that, in a compound microscope, the image is inverted, 
and that, consequently, the object is moved in a direction contrary to that 
of the image. 

Tlie following list of tissues to be examined by the student of Vegetable 
Histology, is taken from the preparations used in the microscopical 
dsmonstrations given to the pupils of the Botanical Class in the University 
of Edinburgh. • 

Cellular. Tissue. —Sea-weeds, Confervm, Moulds and otbqr Fnnri; 
Lichens, Liverworts, pith of Elder, and of the Rice-paper plants (Ar*Ba, 
and j®8chynomene), outer bark as of the Cork and of Elephantipes, succu¬ 
lent roots, stems, and fruits, as Orange and Lemon. 

Nudeated C'effl*.—Onion, Yeast plant. Vinegar plant, ripe frol^f 
Strawberry, Smut, ovules or very young seeds. ' Y 

Independent Cef/a.—Red-snow plant (Protococens nivalis). 

G^ecti desTiy. The aode varies usually from 60* to 100*. Many glHstee, howerer, are made 
with a much myher an^Fe. Ross m^koB glasses of 170^ of (^gular operture. T'hvfifi ueofol 
for observiiig minute organisms, such as lhatoms. ^ 
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ThUskened Cells.—^n'Si of CocO-nnt, stone of POAcli, Cb«By and Jfnt, 
seed of Ivory-Palm and Date^giitty matter of Pear, tpodes of Omw. 

J^ted or Porous CWZs.—EKter, stem of Comaon Baisajaj offiter wver- 
ing of seeds of Gomr^ ftad Almond. 

Spiral Cells. —Leaves, «tei^ and aerial roots of many Orchids, Us 
Oncidium and Pleurothsdlis mseifoKs^ leaf of Sphagnum, epi^nn of seeds 
of Collomia, Acanthodkan, Oalenq)eli8 seaber, Lophospermum, and Coh»a, 
pericarp of Salvia. 

Stellate Ceils. — Jtxacws conglomeratus and other rushes, petiole of 
Banana and Plantain, and of Sparganium ramosum, stems of many aquatic 
plants. 

Ciliated Cells. —^mres of Vaucheria and some Fuoi. 

Filamentous CeUs. — Fungi. 

Pollen Cdls. —Anthers of Tulip, Lily, Passion-flower, Acacia (cells 
united in fours), Zamia, Cycas, Tropssolum, Gloxinia, Colocasia, poUi- 
nia of Asolepias and Orchids. 

Pollm (Enothera, Antirrhinum, Hibiscus, Linaria, Gesnera, 

Crocus. 

Embryonic CeUs. —Orchis, Listera, Hippuris, Euphrasia, Draba. 

Spores or Beprodudive Cells. —In Cryptogamous plants, Ferns, Mosses, 
Lichens, Algro, and Fungi, Zygnetna when conjugating. 

Cells with Siliceous Covering. —Diatoms, cuticle of grasses, Equisetum. 

Cells encrusted with Carbonate of Lime. —Chara. 

Epidermal CeUs. —Leaves, Hyacinth, petals of Pelargonium, Apple, 
and Digitalis. ^ 

Hairs. —On leaves, and in pappus of Compositse, Cotton (twisted), arti¬ 
culated hairs on leaves of Goldfussia and Alstroemeria ovata, pappus of 
Trichinium, moniliform hairs on stamens of Tradescantia, stellate hairs of 
Deutsia and Aralia papyrifera, peltate hairs of Malpighia ureas, giandular 
hairs of Nettle, Loaza, Chinese Primrose, and Dionsea. 

Glandular Cells. — Sweet-Briar, Passiflora lunata, Ice-plant, Lilac, 
Cinchona, Rhamnus, Rottlera, Aloysia, Mentha. 

Scaly Cells. —Ferns, as Polypodium sepultum, and Niphobolus, and 
Ceterach, Hippophae, Begonias, Olive. 

Starch in —Potato, Arrow-root, cereal grains, Bean and Pea. 

Raphides. —Hyacinth, Rhubarb, Arum, Onion, Squill, Balsam, Cactus, 
Lemna trisulca. Ficus, Aloe, Banana, petal of Ornithogalum. 

Stomata. —Hyacinth, Begonia, Oleander, Lilium, Equisetum, Box, 
Gosteria, Marchantia, Crinum, Yucca, Bilbergia. 

AnOuridia and Arehegonia. —Prothallusof Ferns, Mosses, Fncus, M»- 
chantia, spermatozoids in Ferns and Chara. 

Conjugating Cells. — Zygnema nitidum, Tyndaridea, Cylindrocystis, 
De*»)idie«. 

Vascular Tissue. —Young stems of Herbaceous plants. 

Spiral Vessels. —Canna bicolor, Pitcher plant (Nepenthes), Banwa 
and Plantain, Cactus, Hyacinth, Asparagus, Balsam, Strelitzia, branching 
spirals in Mistleto, Long-leek, and Anagallis. 

Annular Vessels. —^Opuntia vulgaris, Leek, Equisetum Telmateia. 

Dotted Vessels. —Sngar-Cane, Nepenthes, Willow, Clematis Vitalba- 

BeUeulated Vessels. —Gardcu Balsam. 
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Seatar(fiirm VaeeU.—^ovoxann in Ferris, Oanmnda, Asplenium, CLeil- 
Mithes, Pteris. 

Latusiferaws Vetseli. —Ficus elastica, Euphorbia, Tragopogon, CheKdo- 
nism, Lactnca, Isonandra gutta, Dandelion. * • 

Woody titnte. —^Stems of trees, inner bark especially of plants yielding 
useful fibres, as Lace Bark tree, Cuba Bast, root of Elder, Cabbage. 

Punctated Woody Tissut .—Stems of Coniferse, Finns, Abies, Araucaria, 
fossil stems, Cycas, Illicium, and with spirals in Yew. 

1221. Preserratlan of Microscope Objects. —The following appa¬ 
ratus isrecjuired, viz., glass-slides ground at the edges, and of the requisite 
standard size, with circular glass covers. Preserving agents, cement, and 
a moveable circular disk for mounting and making cells. Among the pre¬ 
serving media for vegetable substances, are—A solution of chloride of cal¬ 
cium, glycerine, copal varnish, mineral oil, Canada balsam. Among the 
cements used for vegetable objects, are the following:—Brunswick black, 
japanner’s gold size, black japan, sealing-wax varnish, Robinson’s liquid 
glue, gum mastic and caoutchouc dissolved in chloroform. Objects are put 
up (». e., preserved) either as dry or as wet objects. For dry objects, the 
oils and the Canada balsam are the preservative materials, and they are 
not suited for wet objects. Before mounting objects in Canada balsam 
they should be perfectly clean and free from moisture. They may also be 
soaked in turpentine, especially opaque objects, as it renders them more 
transparent. In mounting, the balsam should be heated to expel the air, 
till a fine delicate film is apparent on its surface. The solution of chloride 
of calcium is adapted for the preservation of wood ai^ leaves, and for 
most kinds of isolated tissue. The colouring matter in me cells, however, 
is always more or less altered by it, while grains of starch, if present, swell 
up and can scarcely be recognized. The strength of the solution is one 
part of lime to three of water. Glycerine is used in equal parts mixed with 
camphor water, which prevents the tendency t6 mildew. Tho chlorophyll 
and the grains of starch remain unchanged, and the laminrn of the starch 
appear more beautiful after a few hours’ immersion in the glycerine solution. 
Canada balsam and copal varnish are used for the preservation of dry and 
fossil woods. Thin seetions should be made, and the hard woods which 
contain gum, resin, and such like matters, should be soaked in essential oil, 
alcohol, or ether, before mounting. If tho entire structure of any exo¬ 
genous wood is required to be examined, the sections must be made in at 
least three different directions, which may be termed the transverse, the 
longitudinal, and the oblique, or, as they are sometime* called, the hori¬ 
zontal, the vertical, and the tangential, each of which exhibits different 
appearances. The vertical section should show the number and size of ttfe 
medullary rays, that is, the small portions of pith which proceed horizontally 
from the centre, enclosed between the layers of woody fibres, and which 
are known to the cabinet-maker as the silver grain of the wood. In 
coniferous trees, as the pine, this section shows also the beautiful punctations 
on the walls of the fibres. The tangential-vertical section is a slice across 
the medullary rays, and exhibits the form and arrangement of the cel¬ 
lular tissue in them. These vertical sections show the form, size, and 
connections of the woody fibres, the spiral, reticulated, and dotted vestS^. 
In endogenous trees horizontal and vertical sectioBS only, are requill^.- 
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Peat wood requires to fee digested in f strong s<^tion :^*,<»rfeoi»te of 
soda, and fossil woods which have been converted into carbonate of line 
should be digested in hydrochloric scid. 

1222. To malce Cells, and to flx the thin Glass Covers.—'The . ceila 
, are made either round or square by thin layers of cement, according to the 

depth requited. Perhaps the round ones are neater, but they require 
circular pieces of glass for covers, and by the aid of the moveable circular 
disc, the roundness of the mounting can be made with perfect accuracy. 
The cover is laid gently down, so as to float on the solution in which the 
object lies, and by pressing carefully on the cover, the superabundant fluid 
is made to pass out by the edges, and may be taken up by a sponge or 
blotting paper. A thin layer of Brunswick black, or liquid glue, or gold 
size, may be placed round the edge, which wfll gradually harden and com¬ 
pletely seal up tlie preparation. 

II.—On ContECTiNG and Examining Plants, and on the Formation 
OF AN Herbarium. 

1223. —Instruments and Apparatus.—In examining the characters 
of plants with a view to classification, the chief instruments required are a 
lancet-pointed knile, a small pair of forceps and a lens. In more minute 
examinations, the simple or com[)ound microscope must he called into 
requisition. In selecting specimens, care should be taken to have the 
plants in a peifect state, or with all the characteristic parts present. The 
entire [ilant should be taken when practicable; when that is not the case, 
tlien tliose parts should be taken on which the generic and specific charac¬ 
ters are founded. The roots should always be carefully washed at the 
time the plants are gathered. In most cases, particularly in specimens of 
Umbelliferse, Leguminos®, Composit®, Ros®, &c., it is of importance that 
both flowers and fruit sliould be preserved. In the case of Willows, the 
young shoot, witli its fully developed leaves, as well as the male and female 
flowers, are requisite. In Rubi, specimens of tlie young shoots must be 
taken. When bulbs or tubers exist, they should he preserved, either in 
an entire or split condition; and when there is much mucilaginous m.atter 
in them, they may be enveloped in small pieces of paper, so as to prevent 
them from adhering to the drying paper. In the case of Ferns, two fronds 
are necessary to make a perfect specimen, showing both surfaces, along 
with a TOrtion of the rhizome. Entire speciiuens of Gramine® and Cype- 
race® should b^collected; these, when long, may be bent into one or more 
folds, corresponding to the size of the paper on which they are to be 

•fastened, the folds being temporarily retained by small slips of paper 
haying slits in the centre. No bad speoimen.s ought to be preserved. 

1224. In taking up the roots of plants, a small Digger or trowel is used, 
7 or 8 inches long (fig. 831); the spud 2^ inches long, 2^ inches wide at 
the top, narrowing gradually to 2 inches at the bottom, the lower aijgles 
slightly rounded. This can he put into a leather sheath, and fastened by 
a strap round the waist, the spade itself being attached to the strap by a 
long string. A japanned tin box or Vatculum is required for the receptinn 
of specimens. This should be of sufficient length to receive a plant of the 
full size of the herbarium pi.per; it ought to be convex on both sides 
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(fig. 832 ); md tts capacity mayvaty Mwrding to_ the wfcb of the col¬ 
lector. ]Ji loM! excursions where productive localittea are viaitedi it will 



be found that a vasculum 20 inches long, by 8 or 9 inches wide, and 5 
deep, is not too large; and when it is made of thin tin, it is by no means 
heavy. At one end a good sized thickish handle should be placed, and it 
is necessary to have wires fixed at each end so as to receive a strap for 
fastening the vasculum ®n the shoulders. The lid of the vasculum should 
be large, and is best secured by a wire which slips into a tin sheath, and 
so constnicted as not to be liable to slip out when the box is held by Ute 
handle. For mosses and some Alpine species of plants, a small box may 
also be carried in the pocket. Many plants will not bear transport; their 
flowers fall off easily, and they are so delicate that their foliage becomes 
shriveUed. In such instances it is best to put them at once into paper. 
This is managed by having a small Field-book (fig. 833), which maybe put 
into the pocket or suspended round the neck, secured by straps so as to 
give pressure, and with an oil-cloth covering which may be used in wet 
weather. This field-book may be made with two thin mahogany boards 
on the outside. 

1226. The Paper for should be moderately absorbent, 18 inches 
long by 11 broad, and arranged in parcels containing not less than four 
slieets. The paper which is used extensively in Scotland, is made by Cowan 
and Co., Princes Street, Edinburgh. In many respects, the Edinburgh 
botanists prefer it to Bentall’s. It is of considerable thickness, absorbs 
moisture rapidly, but does not become too moist, and dries easily. A very 
thin' kind of paper, called crown tea-paper, is used for holding very delicate 
plants, which cannot be easily transferred from one paper anotherfluring 
drying. After being carefully laid out in the folds of this paper, ihey are 
placed between the sheets of drying paper, and when the paper is changed* 
they are transferred at once in their thin cover without being disturbed. 

1226. In order that pressure may he given, Boards are requisite. 
These should bo exactly the size of the drying paper. Some of them are 
used for outside hoards, and these ought to be tMcker and stronger than 
the rest j others are inside boards, about | of an inch thick. For every 
two reams of drying paper, not less than ten hoards should be procured-;, 
two of which are for the outside, and eight for the inside. Sheets of stoiar 
pasteboard are also useful for packing up the plants as they beettme -df® 
The pressure is best applied on a botanical excursion, by means of a rope 


put twice round the board*«adf«W, aad tagbtesed by * i«!^-i«b;,< Ha* 
18 mncb better thaa , straps, nfech are apt to give way, -#DO are wi* 
rlifficulty repladfed daring an excursion. In other oircunistances, pressure 
is best ap^ued bv means of heavy weights. The pressure ot^ht not to be 
less than 160 lbs This is preferable to a screw-press, in which the 
pressure is hot kept up while the plants are losing their moistares. 
S^rds maj be replaced by frames of hard wood, furnished with cross-bars. 
They are hgbter, and hgve the advantage of leaving a portion of the surface 
of tne packet in eontact with the air, and consequently of hastenii^ 
dessioation, at the same time they are less solid than the boards. Sheets 
of tin may be employed to separate the different layers of plants in process 
of drying, so as to hinder the humidity of one from reaching the otlier, or 
the inequalities of the larger from injuring the smaller and more delicate. 
In the case of plant® with strong stems, they must either be split, or a sand¬ 
bag, of the same size as the hoards, used, so as to equalize the pressure. 

1227.—Procesa of Dryliiir>—The plants when collected are to be 
placed on the drying paper. In doing this, a parcel of not less than four 
sheets is put on one of the outside hoards; then the specimens are laid 
out carefully, preserving as far as possible their natural habits, and laying 
out the leaves and other parts. Another parceL of drying paper is then 
placed above these, and tlie same process is repeated with other specimens 
until twelve such parcels have been placed together. Then one of the 
inner hoards is laid down, and other layers of paper and specimens are 
applied, until the whole parcel is of sufScient size to be subjected to 
pressure. After twelve hours’ pressure, in most instances, the paper is 
changed, the moist paper being hung up to dry; and in transferring the 
specimens from the wet to the dry paper, a large pair of surgeon’s forceps 
is used. The interval elapsing between the changing of the pajici may be 
increased or diminished according to the nature of the plants, and the state 
of the weather. In the course of eight or ten days, ordinary specimens 
will be so dry as to require only very slight [ircfsnre, with a moderate cir¬ 
culation of air. Some very dry plants, as grasses, may require only one 
changing. Succulent plants, such as Sedum and Sempervivum, continue 
to grow, however much submitted to pressure and the ordinary methods of 
dessioation already indicated. In order to dry these plants completely and 
rapidly, it is necessary to kill them, by immersion in boiling water for five 
or ten minutes* The plants thus dealt with are tlien placed upon a cloth 
and left to drain for some time, after which they must be earrfully placed 
between the folds of the drying paper, not forgetting to lay out properly 
any of tlie partsVhich the water may have disarranged. Orchideous plants 
•are sometimes put into warm paper, and changed frequently, with the view, 
if possible, of preserving their colours by the rapidity of drying. Scarifi¬ 
cation has Mmetimes been adopted with the view of allowing the juice to 
flow out rapidly. Motley recommends that Orchids should be put into weak 
spirit for one or two nights, and then dried. At tjie time the specimens 
are laid out on the drying paper, a label should be inserted With the date of 
coUecting, the name of the station, its elevation above the sea (if it can be 
ascertained), and any remarks as to soil or geological structure that may 
be jpiown. _ With the view of transporting dried plants securely in wet 
weather, it is usehil to have a-Supply of oil cloth to cover them. 
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1228. Morees may be collected in exearsions in tufla, and dried by 
moderate pressure at first. They can afterwards be separate(^ moistened, 
and dried with greater pressure. They ought to be ga&ei%d m fructifica¬ 
tion. Lichens sometimes require to be taken with 3ie rocks or stones to 
which they are attached, and thw may be merely wrapped up in paper. 
Sea-weeds must be washed with fresh water before bemg laid out. The 
more delicate kinds are floated out on pieces of stiff paper, and afterwards 
dried by moderate pressure. In preserving fungi, such as Agarics, etc., a 
thin slice is taken from the centre, extending from the top of the pileus to 
the base of the stipe. This is dried separately to show the rfis or pores, 
etc. The inner cellular portion of the pileus and stipe is then removed, 
and these parts' are dried so as to give the form. Travellers visiting 
foreign countries ^although not botanists) wiU find it an easy matter to 
preserve Mosses, Lichens, and Sea-weeds in a state fit for after-examination. 
In the case of Sea-weeds, it is necessary to avoid such specimens as are 
in a state of decay. Those which are taken should be spread out in the 
shade to dry, without washing them with fresh water, and when quite dry, 
packed loosely in a box. Many species are found thrown upon the beach, 
and the pools in the rooks at low water are often filled with excellent 
specimens. The stems of the larger Algae are often covered with parasitic 
species, which should be dried without separation. 

1229. When the specimens (whether Phanerogamous or Cryptogamous) 
are fully dried, they are then selectedfor the herbarium, and are ^tened upon 
fine .stiff paper, fit for writing ujion, 17 inches by 10^.* In large herbaria, 
which are constantly consulted, the best way of securing the specimens is by 
means of flue thin glue; the plants, after the glue is put on them, being madp 
to adhere to the paper, by pressure between folds of drying paper. Some 
use gummed paper, others use thread or narrow ribbon, by means of which 
the specimens are sewed to the paper. Plants of certain families, as Com- 
posit®, are more particularly exposed to the ravages of insects. Hence, all 
plants after being dried, should be brushed over with an alcoholic solution 
of corrosive sublimate.f This treatment has the inconvenience of dis¬ 
colouring them more or less completely, and making them assume a light 
brown tint; hut there can be no hesitation between the alteration of their 
colour and the complete destruction with which they are menacq^, if not 
submitted to the above manipulation; some recommend cyanide of potassium 
to destroy insects. In herharium-pressos camphor is emplt^cd to prevent 
the attack of insects. The specimens must be kept dry, and frequently 
examined, and when insects are present, they must be retouched with the 
solution already indicated. 

1230. Specimens in a moist state.—In preserving fresh specimens o? 
fruits, and the other parts of plants, the best mode is to put fljem into a 
saturated solution of salt and water. They can thus be sent home from 
foreign countries in jars or barrels. In making a museum of such speci- 
mene, they are put into glass jars, the sizes of which should be regular— 
4, 8, 12, and 16 inches high, with a diameter varying according to the’size 

* The paper m Edinburgh is made by Cowan and Co. nndex the name of " I^d 
Mediam, llat 4U),’' and costs two gnmeas a renin when cut. 

t The solation commonly uaw coimists of 80 gruins of camphor, and 20 grains 
sablimate to an ounce of alcohol. 
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of tbe qwcimeUi The glasses may be filled with the following sointion, 
which is nearly the same as that used by Goadby, and which seems to 


answer well inwiost instances;— 

Bay salt.;. 4 ounces. 

Burnt alum . 2 ounces. 

Corrosive sublimate .■.20 grains. 

Boiling water .. 2 quarts. 


Dissolve and filter the solution. Spirit is often used, but it usually makes 
all colours alike brown. It is useful for delicate specimens wbitb are 
required for dissection. Diluted acetic acid is also very generally em¬ 
ployed. The mouth of the glass jars may be conveniently covered with 
India rubber, or in the case of glasses of small diameter, with a watch glass 
secured by sealing wax, or by circular glass covers cemented by a lute 
composed of resin 1’ part, wax 2 part8,.and vermilion 1 part. 

1231. Seeds, when sent from abroad, should be collected perfectly ripe 
and dry, and if possible kept in their entire seed-vessels. Small seeds may 
be folded in cartridge paper, and siiould be kept in a cool and airy plwe 
during transport. Large seeds and oily seeds, which lose their germinating 
power speedily, are best transported in earth. A box about 10 inches 
square, with the sides f of an inch thick, answers well. In this may be 
put alternate layers of earth and seeds, the whole being pressed firmly 
together. Living plants are best transported in Wardian cases 297), 
and seeds or fruits may also be scattered in the earth of the oases. Bulbs 
and rhizomes not in a state of vegetation, cuttings of succulent plants, as 
aloes and cactuses, and the pseudo-bulbs of Orchideous plants, may be put 
into a box or barrel with dry moss, sand, peat, or sawdust. 

1232. Hints as to th« preparations to he made for alpine travelling, particu¬ 
larly in Switzerland, partly taken from Wills' “ Wanderings on the High 
Alps." 

A botanical trip for six weeks in Switzerland, including the expense of 
going ajgd coming, need not cost more than twelve shillings a day. In a 
pedestrian tour the traveller must be as lightly equipped as possible; at 
the same time-he must so provide as to have a change of dress in case of 
wet weather. The Botanist must send his heavy portmanteau and his 
drying jiaper, with boar(^, rope, and rack-pin, to diferent points by rail¬ 
way or post During his alpine rambles, he will find that he can only 
•carry his box, spade, field-book, alpenstock, and light waterproof. His 
knapsack, while he is hotanizing, must be carried by a porter. He should, 
however, be prepared on an emergency to carry all his alpine baggage 
with him, more especially when passing from one station to another by 
some beaten track, where few plants are to he expected. A large party 
will find it convenient and economical to hire a horse fdr the conveyance of 
their knapsacks. 

The articles required aro as follows:— 

A light waterproof knapsack, which will hear rough usage, about 14 
inches long, 10 inches broad, and 3J inches deep, with two light strsqw at 
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the top to liold a very light waterproof, and a stout leafer handle by 
which to carry it, if neeeesaiy. The straps for to shoulders shouhi' be 
broad. One of the slioalder straps should end in a ring, and a "hook should 
be fastened on the lower edge of the knapsack to receive it. By this con¬ 
trivance the knapsack is ea^y taken off. The whole apparatus ought not 
to weigh above 2 lbs. 

Good shoes, large, so as to allow for the swelling of the feet, the soles 
from I to f of an mih thick, studded with stout nails, not too thickly. 
They should be worn with gaiters, so as to keep out dust, stones, etc. 

Soft woollen socks, such as those made in Shetland. Of these two or 
three pairs are required. 

A shooting coat, a waistcoat, and trousers of flannel, or of shepherd’s 
plaid, the two former being double-breasted. Flannel should always be 
worn next the skin on account of rapid changes of temperature on the 
glaciers and in the valleys. 

A light wide-awake hat with strings or elastic band. In very hot 
weather the action of the sun on the forehead and temples may be dimi¬ 
nished by a thick roll of white muslin round the hat. 

A light waterproof of silk; one may be got weighing only six ounces. 

The contents of the knapsack should not weigh more- than 6 or 7 lbs. 
They should consist of two spare thin merino shirts, three or four pairs of 
socks, well run in heels and toes, a very thin pair of trousers or drawers 
for change, two pocket handkerchiefs, and a pair of light shoes ; materials 
for mending—as needles, thread, worsted, tape, buttons,* bits of cloth and 
flannel; also string, soap, sponge, brush and comb, razor, and tooth-brush; 
oiled-silk, lint, and bandages; ordinary medicine—as compound rhubarb 
piUs, opium, and sugar of lead and opium pills, tartar emetic, lard, and 
sticking-plaster j a small quantity of ndle-paper, ink, pens, wafers j a large 
knife, mrnished with a corkscrew, gimlet, and saw; lucifers; a pair of 
dark spectacles, and a dark veil, and warm gloves and muffitees. There 
may bo sdso added a journal, a thermometer, compass, clinometer, 
whistle, and a small telescope. A flask and drinking-cup will also be of 
service, and a common coarse blouse, which can be procured in Switzerland 
for two francs. For travelling on giaciers a few screws, about f of an inch 
long, with large double-pointed heads, are useful. Wills procureithem at 
Chamouni. These are screwed into the sole, three or four being enough for 
each shoe. 

For glacier work, stout ropes, thicker than a window-sash cord are re¬ 
quired, 10 to 15 feet for each person, and an ice hatchet. An alpenstock, 
6 feet in length, is of essential service. A good map is also of great value. 
The botanist must also have a small tin box, 10 or 12 inches in length, an# 
about 4 deep; a small spade, in a leathern case, fastened round his waist, 
and a small field-book for drying pilants, made of thin wooden boards, 8 or 
9 inches long, and about 5 inches broad, and containing drying paper, about 
1 or IJ inch deep. The plants gathered must be transferred to larger 
drying paper at Oiflerent stations, and must then either be carried by a 
porter, or sent by conveyance of some sort. 

It is by no means necessary to have guides in every part of the Alps of 
Sjritzerland. For instatlce, Mr. Wills says, that none are required for 
TOU Col de Bahne, the T6te Noire, the Col de Vose, the Great St. Bernard, 
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the Gemmi, and the, Grimsel. ,In waaiering, however, among the high 
monntains, it» ahwaj* Safa to take a ^ide. WiBs Buggests that the best 
'.way is to secure a good guide at Parting, and keep him during the whole 
tour. He costa about-five or sk francs a day. 

1233. TFbrtfe* on the Micro»oope.-~’The following works may be consulted 
by the student:—Quekett’s Practical Treatise on the Use of the Microscope; 
Cai'penter, The Microscope and its Eevelations; Schacht, The Miorosoope 
and its Applicataon to Vegetable Anatomy and Phyaiolo^, translated by 
Currey; Hannover on the Construction and Use of the Microscope, edited 
by Professor Goocisir; Beale, The Microscope and its Applicaticai to 
Clinical Medicine; Hogg on the Microscope; Boss, article “ Microscope ” 
in the Penny Cyclopadia; Bennett’s Lectures on Clinical Medicine, etc.; 
Transactions of Microscopical Society and Microscopical Journal; Griffith 
and Henfrey, Micrographical Dictionary; Pritchard’s Microscopic Illustra¬ 
tions ; Bobiu, Du Microscope at des Injections. 

1234. List of the principal Microscope Makers. —Boss, Powell and Lea- 
land, Smith and Beck, Ladd, Pillischer, Pritchard, Salmon, in London; Adie, 
Bryson, Hart, in Edinburgh ; Field, Parkes, in Birmingham; Dancer^ in 
Manchester; King, in Bristol; Chevalier, Nachet, Oberhauser, Brunner, 
in Paris; Schick, Pistor, in Berlin; Ploesl, in Vienna; Frauenhofer, in 
Munich; Amici in Modena. 

1235. Boss’ Microscopes in 1856— Objectives and Prices. 


Object Glnftee, 
i’ocal Length. 

Angie of 
Aperture. 

MagnifyiM Powers, with 
tour Eyc-pieces. 

Prices. 




A 

B 

C 

D 

Jt.s. 

2 inches 

12 degs. 

20 

80 

40 

60 

2 0 

1 inch 

15 

n 

60 

80 

100 

120 

3 0 

1 .. 

23 

fi 

60 

80 

100 

120 

3 10 

i » 

65 

it 

100 

180 

180 

220 

5 5 

i .. 

85 

n 

220 

850 

600 

620 

6 5 

i 

125 

ft 

220 

850 

600 

620 

7 10 

i .. 

135 

it 

820 

510 

700 

910 


i » 

180 

n 

400 

670 

900 

1200 

11 0 

i » 

150 

It 

400 

670 

900 

1200 

12 0 

A n 

Iffi 

ft 

650 

900 

1260 

2000 

18 0 


1236. Directions to Collectors visiting Foreign Countnes, condensed from 
Hooker's Kew Mueedany, Vol. IX., p. 214-219. 

A Botanist visiting a fmeign country should’malce as perfect a ooOec- 
tion as possible of all the plants, neglecting no species and preserving 
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specimens of every kind, more especially such as seem to be confined to 
certain localities. The arborescent plants, trees of every description, are 
to be sought for and collected in flower and in fruit; cones and larger 
acorps, and other kinds too large for the hortus siccus, are to be preserved 
apart from the foliage, and notes made of the locality, height, bulk of the 
trunk, etc. In proportion as mountains are ascended, the vegetation will 
be found to change and to become more interesting and more peculiar. 
Particular notice should be taken of the heights at which different plants 
grow, and of those plants which are found nearest to the limit of perpetual 
snow. Care should be taken to preserve the collections from wet and damp. 
They ma)' require to bo opened occasionally, and exposed to a dry air or 
artificial heat. Seeds should be collected, and transported in the way 
already noticed 1231). Objects of interest as regards economic botany 
should be collected; such as articles of food, clothing, ornament, medicines, 
rosins, dye-stuffs, samples of woods, partiouiarly those good for carpentry 
and cabinet-work. Varieties and abnormal forms of species should be 
sought for and preserved; attention being paid to differences in habit and 
in Sie form of leaves and flowers in the same species at diflerent periods 
of growth and in different conditions of growth. A comparison should be 
instituted between the flowers of different regions, as of the plains, swamps, 
and of different heights and exposures on the mountains, as well of different 
geological districts, as granite, limestone, etc. The times of leafing and 
flowering of bushes and trees, etc., should be noticed. When the vegetation 
seems unusually retarded or accelerated, the temperature of the surface 
soil and at three feet deep should be ascertained, wherever possible. The 
collector should, as soon as possible, make himself acquainted with the names 
of the more common and conspicuous plants of the district he traverses, by 
consulting apy works which may have been written regarding it. The plants 
which affect waysides or the tracks of man and animals should be noticed, and 
the effect of clearing away forests and of burning grass land on the sub¬ 
sequent vegetation should be attended to. The transport of seeds by man 
and animals is a subject of great interest, which should not be neglected. 
Care should be taken to ticket the specimens, so that there may be no 
difficulty in determining their localities afterwards. Notes as to elevation 
(if above 2000 feet of the sea level), dates, name of district, and any other 
information, should be attached to the specimens to which they refer. A 
collector cannot be too careful in regard to these matters. Ascertaining 
the temperature of the trunks of evergreen and deciduous trees and of the 
soil at their roots is a subject of importance. The temperature of the soil 
at various depths during winter should be recorded; also the temperature 
of the air and water between the under surface of melting snow-beds and 
the subjacent dormant vegetation, with the view of determining the 
causes of the rapidity with which plants germiSate and blossom after the 
disappearance of snow from alpine situations.* 


* For fuller dctulo see instructions by Sir Wm. Hooker and Dr. Hooker in Kev Miscellany. 
Vol. u., pp. 2U-2ie. 
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GLOSSAEY, 


EXPLANATION OF SOME OF THE MOST IMPOETANT 
BOTANICAL TERMS. 


A, olju/w, privative of tbc Greek, placed before a 
Greek or Latin word, indicates tlic absence of 
the oigau; thus, apht/l*s, ieafiesi, aeaulis, 
Btomless 

Abaxial or Abaxile, not m the axis, applied to 
the embryo when out of the axis of the seed 

Abhokmal, demtiDg from reg:ulanty or from the 
usual form or structuie. 

Abobtion. 8Up[u•^‘8^lon of ail organ, depending 
on non-development. 

Abecpt, eiuhng m an abrupt maimer, us the 
truncated leat of the Tulip tree, abruptli/-piH- 
naie, ending in 2 pimiie, in other words, pan* 
pumatei abrupUy-aeuminate, a leaf with a 
broad extremity fiom which a point arises 

ABsetSBion, cutting off, applied to the sepai ation 
of the segments or frusiules of Diatoms 

AcAULisor Acaulescent, without au evident 
stem 

Acobbscent, when parts continue to grow and 
increase after flowenng, us the calyx of Phy- 
salii, and the styles of Anemone Lulsatilla. 

Acceetk, grown together. 

Accumbknt, applied to the einhi-yo of Crucifcree, 
when tlie cotyiedons have tlicir edges applied 
to the folded radicle 

Aceeosb, narrow and slender, witii a sharp 
point. 

Acqrne or AciijiMt’M, a monospcrnial seed- 
fesscl which docs not open, but the pericarp of 
which IS separable Irom tiie seed 

Aciilamideovb, ha'iDg no floral envelope. 

Achbomatic, applied to lenses which prevent 
chromatic aherrutioii, j. e, sliow objects with¬ 
out auy prismatic colours. 

Aoiculab, like a needle in form. 

AcicuLcs, a strong bristle. 

AciNACiroBM, shaped like a sabre or smaitar. 

Aciirus, o^e iP’thc pulpy drupels forming the 
fniit of <,'i* Raspberry or Bramble 

AcTiHEy^miA, («llular tissue, having* stardike 
or iite form. 

baying no cotyledons. 

2 F 


Aceocabpi, Mubsi-s having their frtii'tificabon 
tenuHiatuig the axis. 

Acbooen and Acbogenocs, a stem formed by 
the bases of fronds m ferns, mcrcBSing by its 
summit, and haTing its vascular tissue in tiie 
form ol iiTcgularly lorraod bunilics 
Aculehs, u pnckle. a process of the baik, not of 
tbe wood, as in tlic liose, .•iculealCt turmslied 
with prickles 

Acuminate, drawn out into a long point. 

Acute, terminating gradually in a sharp piyut. 
ADKi.FHOusnr ADhi.i'iiiA, 111 composition,means 
union of fllumciits. 

Adhvhent, united, adhesion of parts tlmt are 
iioniiQlly sepallitt, as when tiie calyx is unit d 
to the ovary. 

Adnatk, when an organ is united to aiiotlicr 
tiirougliTmt its wliole length, as the stipulef. in 
Rose, and' the liUmcul and anther in Ruiinr- 
culus 

AdveksseT) or ApVRVvsF.n, lUisely apptud to a 
surface, us some haiis 
Adi NCOS, ciooked or Imokcd 
Adventitious, organs produced ui ahnoim.il 
positions, as roots an^ng from aerial steme 
.^isTiVATioN, the urraugement of tlie pane ot 
the flower m the flower-bud 
Aeeimte, relation in all essential organs. ; 
Aoamous, the same as Vnfioijamiw 
Ai.a, a wing, applied to tlie lateral petals of h 
papilionaceous floMtr, and to mcinbrnnuns 
appendages of the fruit, us m the Kim, oi id 
the seed, as m pines 

Albumen, the nutritious matter ptoied up with 
the embryo, called also Penxjieim and fwi/a- 
spern. 

Albcbnum, tlic outer young wood of .1 Dicotyle¬ 
donous stem 

ALGOLORy, the study of Sen-weeds 
Alsinackous, a jmlypetalous coiolla in which 
theie are intervals between the peialA, as m 
Cbickwced , , 

Alikbna'ie, arranged at diilercnt heights on the 
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same nxii, as when e^b leaf h aeptra^ hj 
mtemodei by those next to it. 

AnvnouB, regular cayitiM on a surface, m in 
the receptacle of the Bnnflower, and m that 
of Ndumbium wbii^b u called Jktohte. 
AucntuIc, a catkin or deciduous unisexu^ spike; 

plants having catkins are Amentiferous. 
AMiifiJos, the fluid or senu'daid matter in the 
cmbryO'Wic , < 

AifOBPBOus, without deflidla'lcnvi. 

AttpHrsAUCA, an indehiseeni multUocular fruit | 
with a hard extenor, and pulp round the seeds, | 
as seen in the ilaobab. 

AuprttbopaXi, an ovule curved on itself, with 
the hihiin in the middle. 

AxPi.mcADL, embracing tlic stem over a large 
l»art of Its cir umference. 

Auptllct*, a hollow leaf, as in Utricalnna. 
ANAteoooB, when a plant strikingly resembles 
one of another genus, so as to represent it. 
AnaaItoIcosis, union of veBseie; union of the 
dual ramifications of the veins of a leaf. 

Aif ATSOPAL or Akatropol’s, an inverted ovule, 
the hilnm and micropj le being near each other, 
and the chalaia tX the opposite end. 

Anokps, two-edged. 

Andrcsciuh, the male organs of the flower 
AN©BOflvnou8, maleand lem Je flowers on the 
same peduncle, as in some species of Carex. 
ANoacypHOUK, a stalk supporting the stamens, 
often formed by a union of the nUTuints 
Ar<£u» male or stamen, in composition, Andro 
ftiid Androus. \ 

Anpractcobk, wavy or sinwous, as the anthers 
«»f Cururbitflcew. 

anotenchyma, vancnlar tissue in general. 
.V.NQTO8PKRM0U8, baviug sccds contuiucd in a 
seed-vessel. 

^N.aos, m compoaUion, means unccjiial 
A.visosxEUONOUK, stameiis not equal in nnmhcr 
to the Wal envelopes, nor a multiple ot ilu-m 
AwiroTiNUS, e year old. 

Annulus, a nng, applied to the dastic run sur¬ 
rounding the sporangia of some Ferns also to 
a cellular rim on the stalk of the Mushroom, 
being the remains of the veil 
ANrrBTon, same as la/enor, when app'ied to the 
parts of the flower in their rclution to the 
axis 

Anthtxa. the cymose panicle of Jimenccfr 
.An in KE, the part of the stamen containing pollen 
•ANTiutHiDiUM, mule organ in Ci-yptogumic 
plants, frequently containiiiif inoxing hlaiuents 
A.vtiieboeoa, moving fllanicnts m an nutheri- 
dintn. 

ANTSKsts, the opening of the flower. 
Anthocahpous, ^plicd to multiple or poly- 
gysoecial*fruits, formed by the ovaries of tcvc- 
rtu flowm^. 

Axthodiuk, the capitulnni or bead of flowers 
of Composite fdants. 

Anthopmouu, a stalk supporting the inner floral 
envd<^cs, and separating them from the calyx 
Antwos, a flower, in composnioD, Jntho; ui 
Latm Ftos. 

A NTnoTAxis, the arrangement of the flowers on 
the axis. 

Awttcus, placed in front of a flower, as the lip 
of Orchids i Antherte Antirai, anthers which 


open on tbo susfoce next the centre of the 
flower; same as I^irom. 

NTTTROPAL, applied to an embryowboee radicla 
18 diametncally opposite to the hilnm. 

APKniaFiBMio, witnout separate albumen; same 
as Exalbuminous 

Apxtaloub, without petals, in other words, mo- 
nochlamydeous. 

Aphyllous, without leaves. 

Apical or Apicilab, at the apex, often applied 
to parts connected with the ovary. 

Apicolatk, having an npicnlus. 

Apicclus or Aficulum, a terminal soft point 
springing abruptly. 

Apocarpous, ovary and fruit composed of no- 
meroiu distinct carpels. * 

Apophysis, a swelling at the base of the theca 
in some Mosses 

Apothecium, the rounded, ihield-like fructifica¬ 
tion of Lichens. 

Aptebous, without wings. 

Aeachnoid, applied to fine hairs so entangled as 
to resemble a cobweb. 

AncHhooNiuji, the young female cellular organ 
in Cryptogamic plints. 

Akcuate, curved in an arched manner like a bow. 

Arkolate, divided into distinct angular spaces, 
or Arfof(e. 

Arilluh and Arili.ode, an extra covering on the 
seed, the former proceeding from the })laccnta, 
the latter fnjin tlic exostomc, as in M ice. 

Arista, an awn, a long pointed process, t» in 
Jlarley and many grasses which are called 
Artstate. 

Armiturk, the hairs, pncklcs, &c., covexing an 

01 gall 

Articl'Latki), jointed, scpumting easily and 
cleanly at s<mie point 

AflCKNUiNQ, applied to a procumbent stem, 
which rises gradually from its base. to ovules 
attached h little above the base of the ovarv, 
and to hmrs directed towards the upper pan 
of their support 

AsciolUM, a pitcher or folded leaf, ns in Ne¬ 
penthes 

Ascus, a bag, applied to the thecce of Lichens 
and other (ryptiigams, coutaming sporidia or 
spores 

Aspketty, roughness, as on the leaves of Bomgi- 
nacece. 

AyBACTKNcnvMA, tissue composed of spindle- 
shaped cells 

Atropoi's or ATBOPAL.tliesanip usOrlkoiropoH^ 

AUEicur.ATE, having uppenduges, applied to 
leaves, having lobes or leaflets ut tlicir base 

Awn and Awn ed, see Anstn and A-islnte • 

Axil, the upper angle where the leaf j'iz*8 the 
stem. 

AxiLF. or Axiai., belonging to the axis. 

Axii.t.ary, arising from the axil ot a leaf 

Axis, is applied to the central portion of the yotm<r 
plant, whence the plunuiJc and radicle are 
given off, and the name is given in general to 
we ccntrel organ Bteanng buds; lu Grussis 
the common steui of a locusta. 

Bacca, berrv, a unilocular fruit having a soft 
outer covering, and seeds immersed ;n pulp 
All such fruits arc called Ifaccaie. 
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Balauwa, the froit of the PoBemnate. 
li\.B8ATE, Bkabdbi), hwlDg tufts of haiT-ntc 
pabescesoe. 

lURK. (cortex), the outer cellular and nbrous co¬ 
vering of the stem; separable from the wood 
jii Dicotyledons. 

BvnRSN, not fruitful, applied to male flowera, 
and to the non-fructifying fronds of ferns. 
B\NALor Basilar, attached to the base of an 
organ. 

IU^IDIUM, a cell bearing on its exterior one or 
more spores in some ningi, which are honce 
cnlled kasidtosporvus 

lu>r or Bass, the inner fibrous bark of Dicotyle¬ 
donous trees 

DniKQUAR, a hairy excrescence on the branches 
and leaves of Boses, caused by an attack of a 
Cymps 

BiunmoATK, havine two tooth-hke processes 
BIK * aioL 8, in t A o rows, one ou each side of an a xis. 
Bikid. two-cleft, cut down to near the middle 
into two parts. 

Bik >niNK, fi raphidian cell with an opening at 
each end. 

Hilahellab, having two llWellffi dr flat divi¬ 
sions, H9 10 some Btigraas. 

Bilocular, having two locularaents. 

Bihatk, applied to a leaf composed of two leaf¬ 
lets at the eitrcmiry of a petiole. 

BiEABTtTE, cut down to near the base Into two 
parts. 

BieiNNATK, a compound leaf divided twice in a 
pinnate manner. 

BiPiNNAT£Fif», a simple leaf, with lateral divi¬ 
sions extending to near the nuddle, and winch 
are also similarly divided 
BipiNNATiPABTiTE, differing from bipmnatilid 
m tlie divisions •'xtcndiug to near the midrib 
Bipucatb, doubly folded in a transverse manner 
BieoROSE, having two rounded openings- 
Bls, twice, in composition Bt. 

Biskbratk, ordupUcate-semite, when the serra- 
fures arc theineclves serrate. 

Bitkrnatk, a compound leaf divided into three, 
and each division again divided into three 
niTTBN, game as Vremorne. 

Blahs, the lamina or broad part of u leaf, as dis- 
tinguised from the petiole or stalk 
Bi ANCHiNO, see Etitnation. 

Bi BTTiNO, u pecuUar change in an austere fruit, 
by which, after being pulled, it becomes soQ; 
and edible, as in the Medlar. 

Kolb, the trurdc of a tree. 

Kotiirknchyma, dotted or pitted vessels, with 
depressions on the inside of their walls 
Hii#c;niATR, with deciisnate branches 
Bkact, a leaf more or less changed m form, from 
wluch a flower or flowers proceed; flowers 
liaving bracts are called Bracleated 
Ba.icTEOLK or Bractlet, a siuall bract at the \ 
b.'ise of a separate flower in a raiiltifloral mfio- 
rescence. I 

Brtolooi, tbestudyof Mmsos, same as Museo- 

hffy. V 

Bulb, an underground bud covered with scales. 
Bulbil or BuLBrsT, separable buds in the axil 
of leaves, as in some Lilies. 

Bui.bous-basei), applied to hairs which arp tu- , 
:ird at the base i 


Byssoit), TCry slender, tike a :!obweb. 

Caducous, falling off very early, as cal^x of 
Foppy. 

C^gpiTosK, growing in tufts 
CALATHirORU, hmusphencal or coucave, like a 
bowl or cup 

Gala .^hiuic, same as Cup-lulum and Anthofiimin. 
Caloab, a spur, appql^tiiig hollow or solid p'-o- 
cess from ihe base w-ar organ, us in the flowers 
of Larkspur and Snapdragon, such flowers arc 
called CakanUe or spltrrcd 
Calokolate, elipper-iike, applied to the hollow 
petals of some Orebds, tuso to the petals of 
Calceolaria. 

Callosity or Caltus, a leathery or hardened 
thickening on a limited portion of an organ. 
Caltciplobj;, a sub-class of Foly^taloua Fxo- 
gens, having the stamens attached to the calvx. 
Calyculus or Calicilus an 0 Dtd^ culyt^c 
row of leaflets, giving rise to a double or caly- 
culate calyx 

Caltptra, the outer covering of the sporangium 
of Mosses. 

Calyx, the outer envelope of the flower; when 
there is only one envelope, it is the calyx. 
Cambium, mucilaginous cells, between the bark 
and the young wood, or surrounding the vesMls 
Campanu'latk, shaped like a bell, as the &»wer 
of Hare-bell 

Campulitropal or Caupvlotropal, a curved 
ovule with the hilum, nncrupyle, and chMazn 
near each other 

Canaltculatr, channelled, having u longitudi¬ 
nal groove or furrow. 

Carcrllate, latticed, coniposi’d of veins alone. 
Capillary, hliioim, tbreail-likc or han-iike. 
Capitate, pin-like, having a louuded suinniit. 
us some hairs 

Capitulum, head of flowers m Compositai 
Ca eRKOt.ATR, having tendrils. 
CAPRiFiCATioN.thenpeuingofthe'F'ig, b\ mears 
of the wild lig or Capritieiis. 

Capsula CiBCUMSifissA, Same as Byxtt or Fyxx- 

Capsulk, a dry seod-vessed. opening by valves, 
teeth, pores, or a lid 

Carina, keel, the two partiuUv united lower 
petals of papilionaceous flowers 
Cahinal, applied to leativation when the carma 
embraces ttie other parts of the flower 
Carnosb, fleshy, applied to Hlbumcn having n 
fleshy consistence. 

Carpel or Carpidium, the leaf forming the 
pistil Several carpels may enter into tlie 
composition of one pistil. 

Carpolomy, the study of fruits. 

Carpophore, a stalk bcnnng the jnstil, and 
rtiisiDg it above the whorl of the stamens, as in 
Lychnis and Cappans 

Carpos, fruit, in composition Carpo. ^ 

Caruncula, a fleshy or thickened nppenthtge W 
the seed. 

Cabyopsis or Cariopms, the mono8]»erninl seed- 
vessel of Grasses, the pericarji being incorpo¬ 
rated with the seed 
Casstdkous, shaped like a helmet, 

Catkin, same as Amenfum 

Caudate, having a tnii or feathery appendage 
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CAttiDBiEt tbe i^em of f tlmt and of Tree*£emB. 
CUcmNUr QAVi>xcaM» the proccu supporting 
a pdlen-mass in Orchids. 

Cacusckitf, havioig tn evident stem. 

Cs-injOLE. Cauliculus, a stalk connecting Ute 
•jds of the enthijo and the cotyUdons. 
Caous, au aerial stem. 

OeiXOLosx, Ore ehemicai snhitanee of which 

tib«-cdl*viQl is coiffiioBe^ 

Cektimstbe, a FrStdlr’ loeaenrc, equal to 
U.a837079 British incli. 

Centbipuoal, applied to that kind of inflo¬ 
rescence m which the central flower opens 

C£KTB 1 F£TAL, Epnli. d to that kind of inflores* 
cence in which the flowers at the circnmlerence 
or base open firit. 

CiuuKiDWu, an ovate conceptacle having a 
termliyu opening, and with a tuft of spores 
ansing from the base, set n in AIgte 
CsBATiuM, a siUqumform ciipsulc in which the 
lobes of the stigma ate alternate wiih the pla¬ 
centa, as m Glancium. 

Cereal, applied to Wheat, Oats, Barley, and 
other grams. * 

Cernuoub, pendulous, nodding. 

(Jhalaza, the place where the nounshing vessels 
enter the nucleus of the o\ule. 

Chlamys, covering, applied to the floral envelope, 
in composition Qhlamydeout. 

Chlorophyll, the green colouring matter of 
leaves. 

Ghloros, green, in composition ChUro. 
Chorisib or Chorization, separation of a 
lanuna trom one part of an organ so as to form 
8 scale or a doubling of the organ; it may be 
either transverse or collateral 
Chroma, colour, in composition Chroin. 
Chromdoen and Chbomule, the colouiing mat¬ 
ter of flowei’s. 

Chryaos means yellow like gold, in composition 
Ckryao. 

Oigatriclla the scar loft after the falling of a 
leaf, also appl ed to thehilani or base of the 
seed. 

Cilia (Cibuni), short stiff hairs fringing the mar¬ 
gin of a leaf; also delicate vibrutile Imii s of 
zoospores. 

OiNEjfCHYMA, latieiferons tissue, formed by 
anastomosma vcsscis 

CiRClRATB, rolled up like a crozicr, as the young 
fronds of Ferns 

ClRCUMSCisaiLE, cut round in a circular man¬ 
ner, such as --.Tti-rf—n'- . Ill !• II.' by a lit) 
ClROUMal’RIKI' S. l‘.' p l-ii'n 'v . r luaigiii of a 
leaf. 

CiRRHTJS, a tendril, or modifii d leaf in the form 
ot a twining process 

Clahenohtua, tissue composed of branching 
cells. 

LADOS, a branch, in composition Oado 
LATBRATU8, latticed like a grating 
Clatate, club-shaped, becoming gradually thu le¬ 
er towards the top. 

Claw, the narrow base of some pct.ils, corre¬ 
sponding to the pcnolc of leaves 
Clept, divided to about the middle 
C'LiKAimEinM:, the part of the column of Orchids 
hearing the anther. 


CuHAicrmvii, ibe eemnnon receptacle of the 
flowers of CompostCie. 

Cure, a bed, in ceanposition i7/«w, used in re¬ 
ference to parts os which the fioru cugans are 
inserted. 

Cloves, applied to young bnlhir as in the 
Onion. 

Cltpeate, having the shape of a bui^er. 

CoccipiuM, a rounded conceptacle lu AUrw 
without pores, and containing a tuft “of 
spores. 

Coccus and Cocouu, applied to the portions 
composing the dry elastic fruit of Ijuphor- 
biace®. 

Cochlear, a kind of estivation, in wbhfli a 
hehnet-shuped part covers all the othei«intfae 
bud. 

CocHLEARiroRM. shaped like a spoon. 

Coleokhiza, a slieaih covering tiie radicles of a 
monocotyledonous embryo. 

C01.LATERAL, placed side by side, as in the case 
of some ovules. 

CoLLENCHYM A, the inter-cellular substance which 
unites ceils 

CoLLUM, neck, the part where the plumule and 
radicle of the tmbryo unite. 

COLPENCHTMA, tissue cottiposcd of wavj or 
smuons cells 

Columella, central column in the iporangi 
of Mosses, also applitd to the carpoplicre of 
Umbellifera* 

Column, a part in the flower of an Orchid sup¬ 
porting the anthers and stigma, htid formedhy 
the union of the styles and fllaments. 

Coma, applied variously, to tufts of hairs, to 
bracts occurring beyond tbe infloresccnrc, 
and to the general nnangement ot the leiif- 
beanug brunches of a tree, &c. 

CoMMissuKi:, union of ihe faces of the two 
Hellenes 111 the fruit of lliubelliferap. 

CoMosE, furmshodwith hairs, as the seeds of the 
■Willi.w 

Compound, composed of several paits, as a leaf 
formed by sever.il separate leaflets, or a pistil 
fornifd by several carpels either separate or 
combined 

CoMPREsaED. flattened laterally or Icngthw’ise 

Conceptacle, a hoirow sue containing a luit 01 
cluster ol spores 

Conducting Tissue, applied to the loose cellul-ir 

ft tissue m tlic inteiior of the canal of the stylt 

CoNDUPLiCATE, folded upon itsdf, apphed lo 
leaves and cotyledons 

Cone, a dry multiple fruit, formed by biacts 
co\ering naked seeds 

CoNENdiYMA. conical cells, ns hairs. ® 

CoNPEUVOiD, formed of a single iw of cells, or 
having articulations like a Conferva. 

Confluent, whtn parts upitc together in tin 
progi ess of growth. 

Conjugation, union of two cells, so as to de- 
vclope a snore 

Connate, « non pai^are united even in theeiulv 
state of developnTOt, applied to two le+ots 
united hy their bases. 

Connective, the part which connects the an¬ 
ther lobes 

CoNNivENT, when two orgins, as petals. ar(h 
over so as to meet above. 





_ vheo jACti in a bud are isibri* 

and regnlar^ twlf^ in one direcfion 
CowvotnTK or CouvoliKtiti^ when a leaf in the 
bud i» rolled uixm jticlft ^ 

CoEaiXiH*, Uhe Coral, aa the root of Corailor- 
hi*a. 

CoRCcnim, a name for the embryo. 

CoKp, the proeeH which attache! the leed to the 

pluc^ta. 

CoBDaTK, heart-ihaped, a plane body with the 
dbuion or broad part ot the heart next the 
stalk or stem. 

CoBSiiOBM, a solid body having the shape of u 
heart 

CoBiACEOUS, having a leathery consistenee. 
COAM, thickened underground stem, as in the 
Colcbicnm and Arum. 

CoRKOOBNJB. having a conn or stem. 

Cornu, a honi; Comeow, having the consistence 
of horn i Stcornu or Sieortmie, having th o 
honiB. 

Corolla, the inner envelope of the flower. 
CoROLLiFLORifi, Gaiuopct^ous Kxogcns, with 
hypogynouB stamens. 

Corona, a coroUinc appendage, as the crown of 
the Daffodil. 

Corrugated, wrinkled or shrivelled. 

Cortex, the bark, Cortical, belonging to the 
bark, Cortiealed, having a bark 
Cortina, the remninsol the veil which continue 
attached to the edges of the pileus in Agarics. 
Corymb, a raceme lu which the lower stalks are 
longtst, and all the flowers come nearly to a 
level above, Cuti/mltfurous or Corymbose, bear¬ 
ing n coiTnib, or in the form of a corymb. 
Costa, a rib, applied to the prominent bundles 
of vessels m the leaves, COilale, jirovided with 
ribs, 

Cotyledon, the temporal y leaf or lobe of the 
eiiibiyo 

CuAMi^Na, a name eiven to adventitious roots 
wluch serve as lulcra or supports, as m the 
hy. 

Obemocarb, tbc fruit of Umbellifcr©, composed 
of two separable achenes or uienrarps 
Crenate, having supcilicial rounded marginal 
divisions 

Crenatures, divisions of the margin of a cre- 
uate leaf. 

Crest, an appendage to fnuts or seeds, having 
the form ot a crest. 
t'RiSP, Imvinif an undulated margin 
{ 'rown op the Root, tlie short stem u hich is at 
the upper part ot the root of perennial herbs 
CRt’ciFORM and Cruciate, arranged like the 
j parts of a cross, as flowers of Cnicifenc. 
CRusTACEoua, hard, linn, and brittle, apphed 
to those Lichens which are hard and expanded 
like a crust. 

Crttogamous, ergans of reproduction obscure 
Crvttos, inconspicuous or concealed, m compo¬ 
sition Crypto. 

Cucullate, formed like a hood 
Culm, stem or stalk of gt&sses. 

Cuneiform or Cuneate, shaped like a wedge 
standing npon its point. 

(Hipula, the cup of the acotu, formed by aggre¬ 
gated bracts 

C'urvfmbrte®, with the embryo curved. 


Cu8Pi9.a long point iMge U bfis^^BSdfra- 
duaUy attenuited; prolong hm u 

emtpiB, abruptly aciuniSBtti. 

CuTioLS, the thin layer that eovers the spider- 
mu. 

CYAimtuBK, like a wine-glass; concave, in tfac 
form of H reversed cone. 

Cycloosns, applied to Dicotyledons with eon- 
centric woody . 

Ctclosis, movenu^l of the latex in latidferoue 
vessels. 

Cylindkenohtma, tissue composed of ^lindn- 
eal cells 

Ctmbiform, shaped like a boat. 

Cyme, a kind of deflmte mfiorescence, in which 
tbc floyers ere in racemes, corymbs, or umbels, 
the successive central flowers expanding first, 
Cymose, inflorescence iii the form of a t^me. 
CvraELA, monospermal friut of Compoute. 
Cystidia, sacs containing spores; a kind of fmc- 
iiiication in kSingi 
Cytoblast, the nucleus of a cell, 

Cytoblastema, mucilaginous formative matter 
of cells, called also fiotophsm. 

Cttogenesib. cell-development. 

Cytob, a cell, in composition Cyto 

D.CDALENOHYKA, entangled cells 
Deca, ten, in Greek words, same os the Latin 
Decern; as decandrous, having ten stamens, 
decagi/noui, having tcu styles. 

Deciduous, falling off after performing its func¬ 
tions for a limited time, as calyx of Rannnculus 
Deciduous Trees, winch lose their leaves an¬ 
nually. 

Decimetbe, the tenth part of a metre or ten cen¬ 
timetres 

Declinate or Dixjlinino, directed downwards 
from its base, applied to stamens of Amaryllis. 
Decompound, a leaf cut into numerous com¬ 
pound divisions 

Decorticated, deprived of bark. 

Decumbent, lying flat along the ground, ami 
rising Irora it at the apex 
Decurrent, leaves wluch are attached along 
tbc side of a stem below their point of inser¬ 
tion. Such stems are often called Wim/ed 
Decussate, opposite leaves ciossing each other 
lu pairs at right angU-s. 

Deduplication, snme as Chorisis. • 

Definite, applied to inflorescence when it ends 
in a single flower, and the expansion of the 
flower IS centrifugal, also when the numhrr 
of the parts of an organ is limited, as mIk n 
the stamens are under twcidy 
Deflexed, bent downwaids in a continuous 
curve. 

Defoliation, the fall of the leaves. 
Degeneration, when an organ is changed from 
Its usual appoaiance and becomes less highly 
developed, as when scales take the place of 
leaves. 

Dehiscence, mode of opening of on organ, as of 
the seed-vessel and anther 
Deltoid, like the Greek A in form, properly 
applied solely to describe the transverse section 
of solids 

Dentate, toothed, having short tron^lar du u 
sions of the margin The term is afro apphed 
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to divi&oM of & g&mosepakms 

«lid a gamopetaloiu corolla. 
D£NTiOOftja«,fladT>toothed» haring amall tooth- 
'tiju) ^rc^ectloiif abng the margin. 

Depbsisso, flattening of a auiid organ from 
above iowawards. 

Drtsbvivata, applied to deflxtite or cymose in¬ 
florescence. 

Dextbobse. directed tow»<ds the nght. 
l>rA0H4tKiU]£, same as *Crjfmca.rp, frmt com¬ 
posed of two adienes. 

Diaceyhjl, the parenchyma of the leaf. 
DiAisunaoDS, itamens m two bandies, united 
by their fliaments. 

Dialtoaupous, pistil or fruit composed of dis¬ 
tinct (separate) carpels. 

Dialtpbtalotjs, corolla composed of separate 
petals. 

DiALYSKPALons OT DlAXYPHYLLOUS, cdlyx com¬ 
posed of separate sepals. 

DicHLAMYDEons, having calyx and corolla 
Dichotomous, stem dividing by twos. 
Diclinous, omserual flowers, either monceoious 
or duemonB. 

1 >I00TTLED0N0US, embryo having two cotyledons. 
Diotyooenoub, applied to monocotyledons hav¬ 
ing netted veins. 

DiDYTtfous, twice, union of two similar organs 
piDTNAUOUS, two loTig and two short stamens 
DiofTATS, compound leaf composed of several 
luatlete attached to one point. 

Diotnous, having two styles 
Dilaminatiok, same as DcdupltcaUon and Cho- 
ritU. 

Dimerous, composed of two pieces. 

Dimidiate, split into two on one side, as the 
calyptra of some Mosses 

Dimorphous, when snuiiar parts of a plant ] 
assume different forms. 

DiCEoious.stanumferousand pistilliferous flowers 
on separate plants. 

DiPLEC’ 0 LOBfi.(E, cotyledons twice Added trans¬ 
versely. 

Diflooh, double, in comp<jsition Biplo. 
UrPLOFERiSTOiD, Mosses with a double peri¬ 
stome. 

DiPLosTEMONoua. Stamens double the number 
of the petals or sejiala 
DiPTEBOua, having iwo wrings 
^is, twice in composition, Dt, same as Lstiu Bia 
Of Bi, as dtsfpalvus, having two sepals, thsper- 
two seeded. 

DiaciPORM and Discoid, m the form of a disc 
or flattened sphere, dacoidpith, divided into i 
cavities by discs I 

Disuom, aUo applied to the flosculous or tubular ' 
flowers of Clompositte. 

Disoa, the peculiar rounded and dotted markings 
on coniferous wood. 

DifU. a part intervoniug between the stamens 
and the pistil iu the form of scales, a ring, etc. 
Disfermous, having two seeds. 

DitjsEOTED, cut into a number of narrow divi-' 

SlOQB. 1 

DisaspiMENT, a division m the ovary, true, w-hen ! 
formed by edges of the carpels; false, when ' 
formed otherwise. 

Dibbtuent, applied to fruit which bursts In an 
elastic manner. 


Disnceottt.'in Wounrt, on sides of a 

stem. * 

DieTRAOXTtJi, separating two parts to a distance 
from each other. 

Ditheoal, having two loevlaments. 

DrvARioATiNo, branebes coming off from tbs 
stem at a ve^ wide or obtuse angle. 

DoUeca, twelve; in Latifi Dwdtcim. 

I Dodecagynoos, having twdve pistils. 

i Dodecakdrous, having twelve stamens. 

Dolabritobh, shaped like an axe. 

Dorsal, appli^ to the sutuieof the carpel wMch 
IB farthest from the axis. 

Dobsiiterous, Ferns bearmg fructification on 
the back of thinr fronds. 

Dorsum, the back, the part of the carpel which 
18 farthest from the axis 

Double Flower, when the oqpns of reproduc¬ 
tion are converted into petals. 

Drupe, a flesliy fruit like the Cherry, hanng a 
stony endocai^ LrupeU, smell drupes aggre¬ 
gated to form a fruit, as in the Raspberry. 

Dumose, having a low shrubby aspect. 

Duramen, heart wood of Dicotyledonous trees. 

DvNAMia, power, in composition means supe¬ 
riority m length , as didpnamow, two stamens 
longer than two others. 

E or Ex, in composition corresponds to atphe, pri¬ 
vative; as without bracts, exaristnte, 

without awns; edentate, withoutteeth; ecos/alr, 
without ribs. 

Elateha, spiral fibres in the spore-cases of He- 
patiCHP 

Elum’ICal, having the form of an ellipse. 

Emaroinate, with a superficial portion taken 
out of the end 

Embryo, the young plant contained lu the seed. 

Embryo-budb, Tjodulee in the bark of the Beech 
and other trees. 

Embhyoceny, the development of the embryo m 
the ovule. 

EMimYOLOQY, the study of the fonimtlon of the 
embryo. 

Embryo-sac or EiORTONARy-HAr, the cellular 
bag in which the embryo la formed. 

Embryo iTJOA, a process raised from the epermo- 
derm by the embryo of some seeds during ger- 
niin.ition, as in the Bean. 

PlNDEOA, in Greek, eleven , in Latin, nndeeim 

Endecagynous, having eleven pistils 

Endeoandrous, having eleven stamens. 

Evdocarp, the inner layer of the pericarp next 
the seed 

Endochiiome, the colouring matter of cellular 
plants. 

ENDtxiEN, an inside groM’cr, having an endoge¬ 
nous stem 

Eni>on, within or inwards, in Gomposition 
Bndo 

ENixH’iiLfflUM, tlip inner bark or liber. 

Endopi.eura, the inner covenug of the seed. 

Enixirhizal, uamerouB rootlets, arising ff^\ a 
common radicle, and passing through shtstbs 
as m endogenous gcrminatioii 

Endormose, movement of fluids inwards, 

H meuibrane. / 

Endosperm, albumen fonned within the embrvo- 
sac. 





ENBOSPoaocB, FnBfi h»vi»6 thdr spoiw eoa- 
tamed in a cate. , 

Kndostomb, the inner fonnast«the oviue. 
Eni>othecium, the inner coat of the anther. 
Knervis, without rein#. 

Knnea, nine; in I*tin JyoMa. 

ENNEAGYKOua, hffriug wne pittil#. 
KNNEANDEOua, hayiogwne ttamena. 

ENaiFOBM, in the fonnnf neword, as the leaves 
of iris. . 

E^mBE {intepef), irithoot marginal divisions, 
. %^ie^emmiu)t mthoui either lobes or mai ginul 
diviuoni. , , , 

ENTEiiOPES, Floral, the calyx and cor(»lla. 

Ei't, upon, in coropotition, means on the outside 
or ahove, a« «picarp, the outer covering of the 
frmt; epigyn 0 M$, awve the ovary. 

Epioaltx, outer calyx, formed either of sep.ils 
or bracts, as in Mallow and Poteutilia. 
ICpioabp, the out^r covering of the fruit 
Epiohilium. the label or terminal portion of the 
strangulated or articulated hp (labeUura) of 
Orchids. 

Epicobollinr, insertedwipon the corolla. 
Epidermis, the cellular layer covering the ex¬ 
ternal surface of plants. 

I'Ipioeal, above ground, applied to cotyledons. 
Epigone, the cellular layer whicli covers the 
young sporangium in Mosses and ITepaticro. 
Epioynous, above the ovary by adhesion to it. 
Epipbi'alous, inserted upon the petals. 
Kpjphragm, the membrane closing the onlicc of 
the thecffi of some Mosses. 

Epiphyllous, growing upon a leaf 
Epiphyte, attached to another plant, and grow¬ 
ing suspended in the air 

Eiterueology, the itiftuenee of external agents 
on living plants. 

Epispbrm, the external covering of the seed 
EnsPORE, the outer covering of some spores. 
Ei^uitant, applied to leaves folded longitudi¬ 
nally, and overlapping each other without «ny 
involution. 

Erect, anpUed to an ovule winch rises from the 
base or the ovary, also applied to innate 
anthers. 

Ergse, irregularly toothed, as if vnawed. 
Erumpent, prominent, os if bursting through 
the epidermis, as seen m some tetrasporcs 
Kt/KRIO, the aggregate drupes forining tlie fruit 
of Rubufl 

Etiolation, blanching, losing colour in the dark 
ExAi.BUMiNons, without a aepiirate store of al¬ 
bumen or perisperm. 

ExankdIxATE, without a ring, applied to some 
Kerns. 

Eotbntrio, removed from the centre or axis; 

applied to a laterHl embryo 
I’iXciPtJLUs, a receptacle containing frucijification 
m liichens. 

T'xcurrbnt, running out beyond the edge or 
point. 

Kxintike, one of the inner coverings of the pol- 
!en*grahi. 

Kxo, m compoBitioD, on the outside 
I'XooEN, ouwde grower, same as Dieotvledon 
Evobhizal, radicle proceeding directly from 
the axis, and afterwards brauchiag, as 4 C 
Exogens. 


EkoflMoas, tmasog 4'^^bvA 

through a memorane. ^ i ■ 

Exospoboub. Fungi haviQg Baked iptftiBfe' 
ExoffTOME, the outer opening of the focaawn hi 
the ovule. 

ExontEciuM. the outer coat of tlie anther, 
ExsKifi'ED, extending beyond an organ, as stn- 
mens beyond the corolla. 

Exstipulats, witliottt stipules. 

Extise, the outer i»»ermg of tlie poUen-gTsin. 
Extra-axillary, reaioTea fiom tfe axil of the 
leaf, as m the case of some buds. 

Extrorbe, applied to anthers which dehisce on 
the side farthest removed from the pistil. 
ExinnvE. applied by Miers to seeds a anting the 
usual integumentary covering, as m olacace*. 

Fatxjatk or Falciform, bent hke a sickle. 
Farinaceous, mealy, containing mueh stareh. 
Fasoiation, union of hrauches <rf stems, so as 
to present a fiaitcned nband-like form. 
Fascicle, a shortened umbellate cyme, as in 
some species of Uiauthus. 

Fastigiate. having h pvranudHl form, from the 
branches beingparallel and erect, as I omliardy 
Poplar. 

Favt.i.la, a kind of conccpt.^ple m Algir 
Favellidia. sphenca! masses of spores usually 
contMued m sacs called capsules. 
Feather-veined, b leaf having the vans pass- 
lug from the midrib at a more or less acute 
angle, and extending to the margin 
Fenestrate, applied to n repjum or leaf with 
opciiingA m It, compared to windows. 

Fertile, applied to pistillate flowers, and to the 
hruit-i'canng frond of Ferns 
Fibbo-(!ki.i.ui.ak tissue, composed of spiral cells. 
Fibrous, composed ot iiutiierous fibres, a» some 
roots ' 

Fibro-vakcular tissue, composed of vessels 
containing spiral and otlier liores. 

Fid. in composition, cielt, cut down to about the 
middle 

Filament, stalk supporting the anther. 
Kuamentous, a string ot cells placed end to 
end. 

Filiform, like a thread 
Fimbriated, fniigcd at the margin 
FissiRARoua, dividing spontaneously into two 
parts, by means of a septum 
FiJiSURE, a straight sUt in an organ for the dis¬ 
charge of Us amteuts. 

Fistulous, hollow, like the stem of Grasses. 
Flabelliform, fan-shaped, as the leaves of some 

riiliiis 

Flagellum, a runner, a weak, crecp:ng stemi 
beuring rooting buds at different points, as in 
the Sttawberry, 

Flexuosk or FLEXUoira, having alternate mrva- 
lions in opposite directions, oent m a tig-iag 
mimner 

Fi/X'Cl. woolly filaments with sporules in Fungi 
and A Igm 

Floccose, covered with wool hkc tufts. 

Fixiral Enveixipes, the calyx and corolla, 
Flosoulous, the tubular florets of Composit®. 
Fouation, the development of leaves. 

Fouola, same as F&iffht and 

t’oriicLE, a fruit formed by a single carpel, de- 
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liisdog one ratare, wbiob u niaallytbe 

venM. 

Vwyv^lktD^, equal to 1;078M ibot Brlluli. 

PoRixBM, the openii^ in the coTeimga of the 
ovule. 

Fov£am or FtmjoLaTK, having pits or deprea- 
ciooe called fbvete or foveohB. 

Fomi^ mioute grannlar matter io the poilen- 

gTUU. 

Fsoim, the leaMike onraa of Fmni bearing the 
fmetifieation; also to the thailot of 

many Ovptogaraica. 

Fbokbobs," applied to Cr^ptogama with folia- 
ceona or leu-like expanaiooa. 

Pbustuleb, the parts or fragmenta into which 
Ihatomaoe® separate. 

P'RtrnEX, a dirttb; FrvtieoHj ihrabby. 

FtJOACtouB, evaneaceiit, falling off e'aily, as the 
petals of Cistns. 

Ptovous, tawny-yeliow. 

FxTinctJLUS. the umbilical cord connecting the 
hflnm of the ovule to tlie placenta. 

Fcrcatb, divided mto two brunches, like a two- 
pronged fork. 

FuRFURACBons, scuT^ OT spalv. 

Fusiform, shap^ like a spmdle. 

OAL8Ut.trB, the pclygyncecial succtdent fruit of 
Juniper. 

Gaiaa, applied to a sepal or petal shaped like a 
btAmet; the part la called Galeate 

Oamo, IB composittou, means union of parts. 

GaMOPEtalous, same as Monopetalous, petals 
united. 

Gamofhylixius nnd GAMosErAUius. same as 
Monopf^tlous find Monosfjmlorn, sepals united. 

Gkmikate, tuin organa combined lu puirs, same 
as Binatf. 

Gemma, a leaf-bud; Gemmation, the develop¬ 
ment of leaf-buds 

Gemmifebous, hoanng buds. 

Gbmmtparoub, Tcprodncuon hy buds. 

tiKMMUl.E, same as Plumule, the lirst bud of the 


Qujm, a bnet tKiveriag the organa of reproduc¬ 
tion in the of Oruses, wU^ arc 

hence caUed Ghmi/erous^ 

Gi.t7H£ij;.x and GttrMELXUue, a name applied to 
tlie paiea or pale of a Grass. 

Gomisia, green gen&inating eeHs m the thallu*! 
of Lichens. 

Goims or Ookum, in compositioa, means either 
kneed or angled i m the former case the o i> 
short, in the latter long, P6l)f9<mum, monj 
icneed; I'etraaonum, four-anglM. 

Graik, esryopau, the fruit of Cereal Grasses. 
Gbaiks of pollen, minute celU composing the 
pollen. 

Qranulss, minute bodies and vtfying great! \ 
in size, hsvuig a distinct external uadowtd 
nng or margin, the external edge <A which i^ 
abrupt. 

Granulatso, composed of granules. 

GRrMocs, colJectea mto granular masses 
GYMNonEN, a plant with naked seeds, t. e., seeds 
not in H true ovary. 

Gtmnos, naked, in composition Oymno. 
■"'YMNosPERMOUS, plaMs With naked seeds, \.e . 

seeds not m a true ovary, as Conifers 
Gymnosixiue, a naked spore; Qymnosporous, 
having naked spores 

Gymnosi'ojci, naked mouthed, Mosses without a 
peristome. 

OYNAKDKOue, stameD and pisti) united in a coin- 
niou column, as in ()reluas. 

Gyne, female, and Gyn, Gynous, and Gyno 
111 composition, refer to the pistil or the ovary 
GYNizua, the position of the stigma on tile 
column of Orcluds 

Gykorahe. a central axis to the base of which 
the carpels aie attached. 

Gy’ncecium, the female organs of the flower. 
Oynophoiie, a stalk supporting the ovan' 
Gynohtemiem, column in t)rchid8 bearing tlic 
organs of rcpioduction 
Gyrate, aHUie us (iranate 
Gyratjon, same as Polntv'n in cell# 


embryo. 

Geniculate, bent like a knee . Habit of a plant, its gciHT-if externnl appear- 

Germen, a name for the ovary, ance 

Germinal Vesjcie, a cell contained in the cm- Halophytes, plants of salt-marshes, containmp 
bryo sac. from which the embryo is developed salts of soda in tlicir composition 
Oermination, the spi-outing of the young plant Hastate, halbert-ahiiped, applied to a lerf wiili 
Gibbosity, a swelling at the hasc of an organ, ; two portions at the base projecting more ci 
such as the calyx or corolla. ' less completely at nght angles to the blade 

Gibbous, swollen at the bnae, or having a distinct Haulm, dead stems ot lierbs, as ot the potato 
swelling at some part of the surface Hauhtoeium, the sucker at the extremity of thr 

Gta^brotth, smooth, without hairs parasitic root of Dodder 

(tLand, an organ of seciction consisting of cells,' Heart- woou, same iis Duramen. 
and generally occmruig on the epidermis of Helicoidal, having a coiled appearance like tlie 
plants. slicll of a snail, applied to inflorescence. 

GLANI 1 UI.AR Hairb, Iiwrs tipped with a gland, I Hei.met, the upper pelaloid sepal of A( onitum 
as in Droseia and Chinese rnmrose ' Hemi, half, same as Latin Semu 

QIA.KB, mit, applied to tlic Acnrn and Hazel-nut, Hemicarp, one of tlie achenes forming the cn - 
whid) are enclose in bracts. iiiocarp of Tlmbeliiferap. 

GLAirontrs. covered with apalc-grecn bloom. IIepta, seven ; same as Latin Srpfem. 

Globule, male organ of Chara HEPTAnTNoua, having seven styles. 

Gloohidiate, barbed, applied to Itairs with two Heptandrous, having seven stameps. 

reflexed points at their summit Herb, a plant with nnannual stem, opposed to i 

Glomerulus, a rounded, cynose inflorescence, woody plant. 

as in Urtica. HERBACEOue, green succulent plants which dw 

GL08ijOLOC,y, exnlanation of technical terma down to the ground in winter; unsual shoots, 

Gi umaceoub, of the n^ure of glumes green-coloured cellular parts. 
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HBRKAPHEODrr*, stamcM a»d piftfl ia »«»* 

IlESPEaiMUKt Hht fruit of ihe Onuige, and other 
A-urantiaceiB. ^ . 

HjiTEBOcBPiTALOOfl. Compoitt© plants having 
male and f^aie capitola on the same plxnt. 

Hetebooysts, pecoliar cells forming large germs 
in MostoclnaeR. 

Hetbuodeomoub, runningin diflterent directioM. 

HBTKRoaAMona, Composrte plants having her¬ 
maphrodite and nniseinal nowera on the same 
head. 

HBTEBOPHTLLOua, presenting two different 
forms of leaves. 

Hbteeobhizai, rootlets proceeding from vanous 
points of a spore during germination. 

Hetsros, dissimilar or diverse, m composition 
Hetero. 

flETEitoTROrAL, oviilc With thc lulnm in the mid¬ 
dle, and the foramen and chalaza at opposite 
ends. 

Hkxa, six, same as T^tln Pex. 

Hexaotnoob. having six styles. 

HKiCANniious, baring six stamens. 

Hildm, the base of the seed to which the pla¬ 
centa 18 attached either directly or by means 
of a cord. The term is also appbed to the mark 
at one end of some grains of starch. 

Hihsute, covered with long stiff hairs 

Hispid, covered with long very harsh hairs. 

HrsTOLOGY, the study of nucroscopic tissues. 

HoLOSBBiCEODfl, Covered with minute silky 
hairs, discovered better by the touch than by 
sight. 

Homodromods, running in the same direction. 

Homooamous, Composite plants having the 
flowers of the capitula nil nermaphrodite 

Homogenkous, loiviug a uniform structure or 
substance 

Homos and Homoios, similar, in composition 
hlorno. 

Homotropal, when the slightly curved embryo 
has the same general dirertion as the seed. 

UoBOLOOicAL, flowers opening and closing at 
certain hours. 

Humifuse, spreading along the ground. 

HvAUtiE, trunsparenr or colourless, applied by 
Barry to the part when the cell-nucleus 
nnpears. ^ 

HYhaiD, a plant resulting from thc fecundation 
of one spenes hy another. 

Hymekium, the part which beaw the fractillca- 
tion in Agarics. 

HYPANTnoDiiiM, the receptacle of Horstenio, 
beanng many flowers. 

H^uasma, a wcb-like thallus of Agancs. 

llAo, under or below, in composition ITyp. 

Hypocarpooean, plants producing their fruit 
below ground. 

Hyjwhilium, the lower part of the labellnm 
of Orchids 

Hvpocratkbiporm, shaped like a salver, as the 
corolla of Primula. 

Htpookal or Hypooeods, under the suriaoe of 
the soil, apphed to rotyiedons. 

Htpootnous, inserted below the ovary or pistil 

Hypothallus, the mvcelium of certam f)nto- 
phytio Fungi as Ureaines. 

Hypsometrigal, measurement of altitade. 

2 


HYBTERANTROTfs, when leave* after the 

flowers have opmed. 

Igosawdria, having twenty stamens or more 
in-^carted on the ealyx} lootmmdnfta, baring 
twenty stamens. 

looei, twenty; in composition hot. Same as 
La^ Viymli. 

Imbricate or Imbrioatsd,- parts overlying each 
other like tiles on ahonse. Imbricated aaHtaiwn, 
the parts of the flower-bud alternately over¬ 
lapping each other and arranged in a spiral 
manner. 

iMPARi-PiNif ate, nneqnally-pinnate, pinnate lea^ 
ending m an odd leaflet 

IRABCHINQ, a mode of graftisg by bendings twe 
growing plants towards each other, and caus¬ 
ing a branch of the one to unite to the other. 

Ikartioulate, without joints or interrnirtioB to 
continuity. 

Inch, French, is equal to 1.06578 inch Briti^. 

Incised, cut down deeply. 

Included, applied to the stamens when enclosed 
within the coroUa, and not pushed out beyond 
its tube. 

Incumbent, cotyl^ons with the radicle on their 
back. 

Indepinitb, apphed to inflorescence with centn- 
petal expansion: also to stamens above twenty, 
and to ovules and seeds when very numerous. 

Indehisoent, not opening: hanug no regular Ime 
of snture. 

Indeterminate, applied to indefinite inflores¬ 
cence. 

Indigenous, an aboriginal native in a country. - 

Induplicate or Indupuoativb, edges of the 
sepals or petals turned slightly inwards in 
eestivatioE 

Indusium, epidermal covering of the froctifica- 
tion in some Ferns. 

iNDimvE, apphed by Miers to seeds haring the 
usual integument^ covering. 

Inerhts, unarmed, without pnckles or thorns. 

Inferior, applied to the ov^ when it seems to 
be situated oelow the calyx; and to the part of 
a flower farthest from the axis. 

Inflorescence, the mode m which the flowers 
are amuiged on the axis. 

Infukdibuliform, in sliape like a funnel, as 
seen in some gamopetalous corollas. 

Innate, applied to anthers when attached to the 
top of the filament. 

Innovations, buds in Mosses. 

Intercellular Space, same as Lacuna 

Intebpoliar, between two opposite leaves. 

Internode, the portion of the stem between two 
nodes or leaf-bnds. 

iNTERprnoi-AR, between thepetioles of opposite 
leaves, as the sripnles of Cmcliona. 

iNTERRUPTEDLT-riNNATB, a pinnate leaf in 
which pairs of small pinn© occur between the 
larger pairs. 

Intbxtine, one of the inner coverings of the pol¬ 
len-grain. 

Intine, thc inner covering of the pollcn-graia. 

Introrsb, applied to anthers which open on the 
side next the pistil. 

Involuckl, bracts surrounding the partial umbes 
of Umbeliifene. 

G 
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iKTOttrottS; br^tg iiuroundins tbe general 
nmbel'itt UmbdUfere, the heaasol Dowers lu 
Com^bdtc, and in general any vertinllate 
bracts sorronoding numeroos Dowers. It ts 
dib> used in the same sense as tbe Indusiiim 
of Ferns. 

Ikvolutb or Iwvolcttve, edges of leaves rolled 
inwards spirally on eadb side, m {estivation. 

IRREOULAB, a Dower in which the parts of any 
of the vorUcils difer m size. 

IsocHEiMAi. or IsooHEiuoNAx, liues passmg 
through places which have the same mean 
winter temperature. 

InoMERic, applied chemically to substances 
iduch, though differing m cfuabties. have the 
same elements in tbe same prop<M^n8. 

IflOMERova, when the organs of a flower are 
composed each of an equal number of parts. 

Isos, e^al, in composition Iso. 

IsoeiTMOKOUS, when stamens and floral enve- 
lopes have the same' number of purts or mul> 
tiples. 

IsoTHBKAL, Hnes pasamg through places which 
have the same mean summer temperature. 

Isothermal, lines passing through places which 
have the same mean annual temperatxure. 

Jl'oa, n name given to tbe ribs on the fruit of 
UmbelhferK? 

J&OUM, a pair of leaflets; jvfjaie, apphed to tbe 
pain of leaflets in compound leaves, untjupate, 
(Hie pair, h\)ugate^ two pairs, and so on. 

Keel, same as Carina. 

Kvotted. when a oyhndrioal stem is swollen at 
intervals into knoW. 

Teasel, the terminal dmaion of the hp of the 
flower in Orchids. 

ZiABELLUM, hp, one of the divisions of tbe inner 
whorl of the flow^ of Orchids, lliu part is 
m reality superior, bnt becomes inferior ny the 
twisting of tne ovary. 

Labiate, Imped, applied to irregular game- 
pctalouB flowers, with an upper tmd under 
portion BepBrat(»d more or less by a hiatus or 
gap. 

JiAcnciATEn, irregularly cut into narrow seg¬ 
ments. 

Lacinula, the small inflezed pomt of tJie petals 
of Umbelhferce. 

Lactescent, yielding milky juice. 

Laohna, a large space in the midst of a group 
of cells. 

L.EVTOATUS, having a smooth polished appear¬ 
ance. 

L^vis, even. 

LAHELLJa, giUs of an Agaric, also applied to flat 
divisions of the stigma 

Lamina, the blade of the leaf, the broad part of 
H petal or sepiU. 

LAKcrDOL.ATE, uarrowly elbptical, tapering to each 
end. 

T.ANnoiNoua, woolly, covered with long flexuous 
interlaced hairs. 

Lateraj., arising ftom the side of the uis, not 
tenmniU. 

Latex, granukr fluid contained in latidtonms 
vessels. 


LATiciFBBOGs, vessels contninisg latex, which 
anastomose. 

LatibEPT^ Cruciferous plants havisg a broad 
repliun in their lilicola. 

Legume, a pod composed of one carpel, opening 
ntually by venial and dorsal iQtare, as m Pea“ 

Lentkxl, a small process on tiie bark of the 
Willow and other plants, whence adventitions 
roots proceed. 

Lenticular, in the form of a doubly-convex 
leas. 

Lefzpotx, covered with scales or scurf; L^is, a 
scale. 

Lianas or Lianes, twining woody plants. 

Liber, the flbrous inner Wrk or enaophhEum. 

Lieberruhn, a metallic mirror alta^ed to the 
objective of a microscope for the purpose of 
throwing down light on opaque objects. 

Lioninb, woody matter which thickens the cell- 
walls. 

Lioulate, Itrap-sbaped florets, as in Dande¬ 
lion ♦ 

Lioulb, a proeetB arising from the petiole of 
grasses where it joins the blade. 

Liguuplor£, Composite plants having ligulate 
florets 

Limb, the blade of tbe leaf; tbe broad part of a 
petal or sepal; when sepals or petals ere united, 
The combined broad paits are denominated col¬ 
lectively tbe hmb. 

Line, the 12th part of an inch; Line, French, is 
equal to 0 088815 inch British. 

Linear, very narrow leaves, in wliieh the length 
exceeds greatly the breadth. 

Lirella, sessile llnesr apothedum of Lichens. 

Lobe, large division or a leaf or any other 
organ, apphed often to the divisions of the 
an^er. 

Loculictdal, fruit debiscmg througli the back 
of the carpels. 

Looulub or Loculament, a cavity in an ovary, 
whi''h IS called unilocular when it has one 
cavity, bilocular with two, and so on. The 
terms arc also applied to the anther. 

Locuhta, a spikelet of grasses iormed of one or 
several flowers. 

Lodicule, a scale at the base of the ovary nf 
Grasses. 

Lomentttm and Lomentaceous, apphed to a 
legume or pod with transverse ^rmioni, each 
division coutaiiung one seed. 

Lunate, cresomit-shapcd. 

Lybatb, a pmnatifid leaf with a large temunal 
lobe, and smaller ones as we approach tb' 
petiole 

Maobopodous, applied to the tluckened nulkb 
of a monocotyledonmu embryo. 

KA(moB, large, in composition Macro. 

Malpighiacfotts Haibb, peltate hairt, such as 
are Been m Malpighiacess. 

Hanigatb, applied to scales Kurounding a stalk 
like a friU, and easily removed. 

Mabcescent, witbermg, but not fallHig off until 
the part bearing it is pecfectod. 

Marginate, applied to calyx, same as Obsolete 

Masked, tame as Psreonate. 

Math, a term sometuaes used tor crop; an agri¬ 
cultural term. 
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M vTTTTLU^ tilts fibrous iDBtttr ooTflriag tfce pe* 
{olc8 of Palms. 

MBDt3U.a» Sie cellular pith. 

.Medcllart Ray 8 or KiATKS* tselhilar prolonga- 
uons umtiue th« pith and the bark. 

Medullajit Sheath, sheath containing spiral 
vessels surrounding the pith in Exogena. 

.Mkiostemosoub or Hia'jTESiONona, the sta- 
mens less m number than the parts of the 
corolla. 

Membraj«aceou 8 or Mbiubranotjo, having the 
consistence, aspect, and structure of a mem¬ 
brane. 

Mkkiscub, a lens having a concave and a convex 
face, wi^ a sharp edge. 

Mrrbkchtma, tissue composed of rounded cells. 

Mrrioajip, carpel forming one-half of the fruit of 
Umbellifer®. 

Merithai., a terra used in place of intemode; 
applied b; Gaudichaud to the different parts of 
the leaf 

Mesocaup, rriUdle covering of the fruit. 

.Mesochilium, middle portion of the labellum of 
Orcluds 

MEsorui/KUM, middle layer of the bark. 

ME^u^'HYI.LUM, the parenchyma of the leaf. 

Mehos, the middle, in composition Meso. 

Mesosi'erm, applied to a covering of the seed 
derived from the senindioe. 

Metre, equal to S9 H/O 79 niches British. 

MicKoiitRi'ER, insiruraent tor measuring micro¬ 
scopic objects. 

Micbopyle, the ojiemng or formnen of the seed. 

Micros, small, in compusiUon Micro. 

Millimetre, equal to 0.U3937079 English inch, 
or ^5 8985i miUimetres equal to an Enghsli 
inch. 

MiTRiroRM, shaped like a mitre, as the calyptras 
of some Mosses. 

Molecule, an exceedingly minute body in which 
we cannot discover any determinate external 
circle nor internal centre. 

M< iNADELPUous, 81 amens united into one bundle 
by union of their filaments. 

Monandrous, having one stamen 

.M(*nembbtont, having a single embryo, 

Moniliform, beaded, cells united, with mter- 
ruptions, so as to resemble a string of beads. 

Monocaupic, producing flowers ana fruit once 
during life, and then uymg. 

Mokochlamyx»eou 8, flower having a single en¬ 
velope. which 18 the calyx 

MoNOCLiNoua, stamens and pistils in the smne 
flower. 

Monocotyledonoub, having one cotyledon in 
the embryo. 

Mo*(bctou 0 , stamens and pistils m different 
flowers on the same plant. 

MoisuOYNiBcaAL, applied to simple fruits, formed 
by the pistil of one flower. 

MoNOOYNoua. having one pistil or carpel: also 
applied to plants having cme rtyle. 

Monopetalous, same as Gamopetalous 

Monophyllotts. same as Cfamockyllou*. 

Monos, <me, in oomposition Motw and Jl/hn, as 
Monandiwi, one stamen; sometimes applied to 
the umou or parts into one, as MfmopeiaUmt, 
meaning eombined petals; same as Latin 
TJnus. 


Monosepalotts, same as GamoMpahit^. 
Mo^tOBFERMOUS OT HONOSFEBKAL, ^ 

siogie seed. 

Monothbcal, having a single loeulament 
Monstrosity, an abnorraafdevelopment, applied 
more especially to double flowers. 
Moepholoqt, tfie study of the forms which the 
different organs assume, and the laws thnt 
regulate their metamorphoses. 

Mooro, a stiff point abruptly terminating nn 
organ; hfucronate^ having a mucro 
Mfcus, definite, peculiar msUer forming a coher¬ 
ing of certain sea-weeds. 

Multioostatb, many-ribbed 
MuLTiPin, applied to a simple leaf divided Inte- 
rally to about the middlo into numerous por¬ 
tions; when the divisions extend deeper it is 
MnHipartite 

Multiloculab, having many loenlaments. 
Multiple, applied to anthoca’‘pou8 or polygv- 
ncBcial fruits formed by the union of several 
flowers. 

Muri(;ate, covered with firm, short points or e.v* 
croBcences 

Muriform, like bricks in a wall; applied to cells 
MuaooLooY, the study of Mosses. 

Muticds, without auy pointed process or awn. 
Mycelium, the cellular spawn of hHingi 

Naked, applied to seeds not contained in a true 
ovary; also to flowers without any floral en¬ 
velopes 

Napiform, shaped like a turnip. 

Naturalihed, originally iutroaoced artiflcial 
means, but becomo apparently wild. 
Navicular, hollowed iiko a boat. 
Nbotariferoos, having a honey-hke secretion, 
applied topetais having depressions or forrowe 
at their base, which contain a sweet secretion. 
Nectary, auy abnormal part of a flower. It 
ought to be restricted to organs secreting a 
honey-like matter, as m Crown imperial. 
Nervation or Nburation, same as Venation. 
Netted, apphed to reticulated venation, aiso 
coveri'd with raised lines disposed like the 
threads of a net. 

NiTiDua, liaving a smooth and polished surface 
Node, the part of the stem from which a leat 
bud proceeds. 

Nodobb, having swollen nodes or articulations. 
Nodulose, applied to roots wi^ thickened knots 
at intervals. 

Nosolcoy, vegetable, the study of the disease' 
of plants. 

N 0 TOBHIZE.B, radicle on the back of the cotyh’- 
dona, as in some Cruciterm 
Ndcieus, the body winch gives origin to new 
cells; also apphed to the central cellular por¬ 
tion of the ovule and seed. 

Ndculanium, ^plied to the fruit of the Medlar 
having nueules, some also apply this term to 
the Grape. 

Nucule, hard carpel in the Medlar, also one of 
the pi^ of fructification m Characcm 
Nuoumentaceous, Crucifer* having a dry mo- 
nospermol fruit. 

Nut, properly applied to the glans, but also ap 
plied to any ^rd nut-Iiks fruit, as u Care^ 
and Eumez 
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OBcMrtssBKDj flattened in flront and Miind, 
not tatei^iy. 

Obcobdate, iaTezftelj heiirt-aliaped, with the 
dimons ^ ^ heart at the oppoiite end from 
the stalk. 

Oblono. abont | m long as bro^; ell^^tical, 
ontase at each end. 

Obovate, rerenely ovatCj the broad part of the 
egg being uppermost 

^BdotETE, imperfectly developed or abortive, 
^phed to the cadyx when it is m the fbrm of a 
nm 

Obtuse, not pmnted, with a rounded or blunt 
termination. 

Obtolute, ina 2 g;ins of one leaf alternately over- 
lapping those of the leaf opposite to it. 

OcHBEA. boot, applied to the sheathing stipule 
of PolygouaOem 

OcTANDROuB, having eight Btamens. 

OcTo, eight, m composition Oci. 

OcTOOTNous, having eight styles. 

CEciuji and (Ecious, in romposiiiou, have refer¬ 
ence to the position of tbe reproductive orgpos, 
as Andrcecium., the stamiDal orgims; Dicecious, 
stamen and pistil in different flowers. 

OmoiKAL, sold in the shops. 

OfJbet, same as Pn^pngulum. 

OLERACEOUfl, used as an esnileiit potherb. 

OuoAiJDRous, stuiiieiis under twenty 

Ouooa, few or in small number, m composition 
Oligu and OHa. 

Omphalode, the central point of the hilum 
where tbe nourishing vessels entir. 

OopHORiDiUM, organ m l-ycopodiaccte contain¬ 
ing large snores. 

Opaque, dull, not shining 

Opebculuu, lid, applied to tbe separable port of 
the theca of Mosses, also applu'd to the hd of 
certam tced-icssels, Operculate, upemng by a 
hd 

Opp<j 3ITE, applied to leaves placed on opposite 
sides of a stem at the same level. 

Orbiculab, rounded leaf with petiole attached to 
theicentTe of it. 

OnaANOGENT, the development of organs. 

Oroanoouaphy, ilic description of the organs of 
plants. 

Obthoploce^ Cruciferffi having couduphcule 

' cotyledons. 

Orthos, stnught, m composition Orfho, same as 
Latin Rfctm. 

Obthotropal and Orthotropoub, ovule with 
foramen opposite to the hilum; embryo with 
radule ncxi the hilum 

OsMOsE, the force with which fluids pass through 
membranes in eypcrinieats on exosmose and 
endosmose. 

Oval, ellipticaU blunt at each end. 

Ov vRY, the part of the pistil winch contains the 
ovules. 

Ovate, shaped like an egg, ^hed to a leaf with 
the broader end of the egg next the petiole or 
axis; OixUt fauceolaic, al^ceolate leaf, which 
IS somewhat ovate. 

OvENCHTHA, tisBue cooiposod of oval cells. 

Ovule, the young seed cemtamed in tbe 
ovary. 


PAtabsrr^tiSjt.-lfe ito(% of Possils 

PAL^rtijiuI^y, the atady of Fossil plants 
fwrtJoa of the under hp 

Palea or Pale, the part of the flower of Grassi b 
withbi the ^umc, also ay^lied to the smull 
scaly iamme which ocenr in the receptacle of 
some Compositm. 

Paleaoeoub, diftffy, covered with small ereti 
membranous scales. 

Palmate and PjLMATiTm applied to a leaf 
with radiating venation, divided into lobes to 
about the middle 

Palmatipartite, applied to a leaf with radiatiivg 
venutiuu, cut nearly to tbe base in a palmate 


manner. 

‘anuubifqrm, sbaped like a Addle, applied to 
an oblong leaf, wi^ a sinus on each nde about 
the middle 

'AKTf^LE, mfloreseenec of Graam. consisting of 
spikelets on long peduncles coming off in h 
rnoemosc manner. 

Paniculate, forming a pamele. 

Papilionaceouh, corolla composed of vexilhim, 
two alie, and canna, as In the Pea. 

Papillateu oud Papii.lohl, covered with small 
nipple-like prominences. 

PAr-pus.the hairs at the summit of the ovary’ in 
Composit* They consist of the altered calycint 
limb. Pappose, provided with pappus, 

Paraphvseh, filaments, sometimes articulatctl, 
occurring in the IructihcAtion of Mosses, and 
other Cryptogams; also applied by some authors 
to abortive petals or stamens. 

Pakabite, attached to another plmit, anddern- 
mg nourishment frwn it. 

Pare.whyma, cellular tissue. 

Parietal, applied to placentas on the wall of the 
ovary. 

Pari-pinkate, a compound pinnate leaf, ending 
in two leaflets 

Parthenogenesis, production of perfect set,! 
witli embryo, without the apphcation of pollen 

Partite or Parted, cut down to near the base, 
tbe divisions being called PariitUms. 

Patella, rounded sessile apothciaum of lichens 

Patent, spreading widely. 

Pathouigt, vegetable, same as Nosology. 

Patulous, spreadmg less than when patent. 

Pectinate, divided laterally into narrow seg¬ 
ments, hke the teeth of a comb. 

Pedate and Pedatieid, a palmate l«if of threi* 
lobes, the lateral lob« bearing other equ ill' 
large lobes on the edges next the miMle l^c 

Ptoicel, the stalk supporting a single flower, 
such a flower is PediceHats.. 

Peduncle, tlie general flower-stalk car floral axis 
^metimes it bears one flower, at other tini< s 
ii bears several sessile or pedicellate flowers 

Pelagic, growing in many dhtant parts of tliL 
ocean. 

IJellicle, the outer cuticular covering of planis 

Pbloria, a name given to a teratoiogioal phe¬ 
nomenon, which eonsists in a flower, which is 
usually irregular, hecoming rq^alM- foft in¬ 
stance, when Llnaria, m place ef oao spur, 
produces five. 
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Peltate. iWeld-liie, fixed to br a 

point wiUun Uie maxgin j jwrltoitf ia*r^ *ttaclied 
by their middle. _ , ,. . i_ 

PENDUtoue, applied to cTotee wmen are Jmng 
irom the upper pert of Uie owy* - , ^ 

PssnciLLATS, peaciUed, Appliw to a tufted ww- 
ma resembling a canui’s hair pencil, M to the 
Nettle. 

Pbnni.ntoved and PEimi-vBism», the tcws 
dupo^ like the parts of a feather, ruimmg 
from the midrib ortbe leaf to the margin. 

Penta, Pent*, five, same as i^innque to Latin. 

PaiinrAorKouB, iavtog five stvlea. 

Pentambbous, composed of five parts: a penta- 
merous flower has its different wborit in fire, 
or multiples of that number. 

Pbittandroub, having five stamens. 

I’EPO and Fxpi^oa. the fhiit of the llelon, Cu- 
curobm, and other Cucurhitacesc. 

I^BB. when placed before an adjective, sometimes 
gives It the value of a suo^lative, as perputil- 
lus, very weak; at otror times it me*“' 
through, as perfoliate, through the leaf. 

Percurbent, running through from top to 
bottom. 

Pereknial, living, or rather flowering, for se- 
versl years. 

Perfoliate, a leaf with the lobes at the base, 
united on the side of the stem opposite the 
blade, BO that the stalk appe^ to pass through 
the leaf. 

Peri, around; in Latin Circa. 

Peblahth, a general name for the floral enve¬ 


lope; applied m coses where there is only a 
calyx, or where the calyx and corolla are alike. 

Pericarp, the covering of the fruit. 

PHRicRiETTAL, applied to the leaves surrounding 
the fruit stalk or seta of Mosses 

pERiOLADitru, the large sheathing petiole of 
Urobellifcrte. 

i^EiOLiRiuu and Periphoranthium. the in> 
voluci-e of Uompoaitne. 

I'ZRiDBRH. a name applied to tlic outer layer of 
bark 

Peuidiitm, the envelope of the fructification m 
Gasteromycetous Fungi. 

Perioone, same as Periantli. Some restrict the 
term to cases in which the flower is female 
or pistilliferous It has also been applied to 
the mvolucre of Jungermtumiae 

Pesiovkium, upphed to the covering of the pistil 
iQ the genus C)arex. 

Perioyroi's, applied to corolla and stamens when 
attached to the calyx. 

PjjRrpHEBicAL, applied to an embryo curved so 
as to surround the albumen, following the 
inner part of the covering of the seed 

Peiusferm, the albumeu or nounsiiing matter 
stored up with the embryo in the see^ 

Pbrispore, the outer covering of a spore 

Peristome, the opening of the sporangium of 
Mosses after the removal of the calyptra and 
opercultun. 

PERiTEreCTUH, a coQoeptude in Cryptogams, 
(xintainisg spores, and having an opening nt 
one end. 

PEfunaniinEV not foiling off, remaiainE attached 
10 the axk until the part which bears it ts ma¬ 
tured I 


Pimokas®, a gsmopetakw 
bavmg the tower Up pushed upwarU#^ .to 
close the hiatus between the tto> 

Pektoke, having ihts or holea- 
p£BUL£, the a^s Of the leaf bud. 
pETXiorp, like a petal 

Petaus. the leaves fmzntog the oorullmie vrhorL 
PsTioLATS, having a stalk efr petiole. 
l^iOLE, a leaf-stalk; PethluU, the stalk of a 
leaflet m a compmmd leaf. 

IraAiTEROOAUOUB, haviiig conspicuous fioweis. 
Fhaiteros and Pil£nos, coDSpicuomi, to com¬ 
position Phnnero and Phono. 

Ph^rooamods. same as Pkanerogomoui. 
Phlceum, a n^e applied to composition to tlic 
hark. * 

Phoranthifm, applied to the receptacle of Cotu- 
pusitee. 

Phorus, PnoRUM, and Phobb, lu words de¬ 
rived from the Greek, are used as tormiua- 
tions, meaning, that which bears; equivalent 
to tbo Latin Ferus and Per. 

Phraoma, transverse division or false dissepi¬ 
ment in fimits 

Phtcolooy, the study of Algsa or Sea-Weeds. 
Phtllaries^ the leMets forming the inrotocre 
of Composite fioWers. 

Phyllodiuh, leaf-stalk enlarged so as to have 
the appearance of n leaf. 

Phtlloid, like a leaf. 

Phvllolobe*. cotyledons green and leafy. 
Phylloptosis, the fall of the leof. 

Phyllotaxis, the arrangement of the leaves on 
the axis. 

PiTYLLUM, leaf, m composition Phyllo and Phpl- 
lone; ID Latin Folium. 

Phybioonomy, general appearance, without re¬ 
ference to botanical characters. 

Physiology, Vegetable, the etudy of the func¬ 
tions of plants. 

PuvTooENRsis, the development of the plaiU. 
Phttoquaphy, the descnption of phiiiti* 
Phytologt, the study of plants 
Phyton, a name given by Gaudichaud to the 
simple mdividuaf plant, as represenied by a 
leaf In words derived from the Greek^P7<yV<?/i 
and Pkyto mean plant 

Phytozoa, moving filaments in the antheridia of 
Crypti^ams. 

Pii-eoreiza, a covering of the root, as in 
Lcmna. 

Pn.EU 8 , the cap-hke portion of the Mushiooin 
beanug the hymeniuro on its under side 
Piix)SE, provided with hairs; applied to pappus 
cotoposed of simple hairs. 

PiNENCHYMA. tissuc compoBcd of tabular cells 
PixNA, the leaflet of a pinnate leaf. 

Pinnate, a compnuntl leaf having leaflets nr- 
ranged on each side of a ccutralnb. 

PiSNAiiFiD, a simple leaf out into lateral seg¬ 
ments to about the middle. 

PiHNATiPABTiTE, a simple leaf cat into lateral 
sejpnent^ the mvisions extenrUng nearly to the 
central rib. 

PiNtroLB, the small pinn® of a bfptonate or tn- 
pipnate leaf. 

Pistil, the female orkan of the flower, composed 
of one or more carpels; each carpel betog com¬ 
posed of ovary, style, and stigma 
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PismuiB and PanLurewws, appKrf to a 
female tower or a female plant, i 

PiSTiLUnitTM, tlie female organ in Cryptogama. 
Plactnta, the cellular part of tlietaorpcl bearing 
tha onile. I 

Placbotart, a placenta bearing ntunerous 
ar^cft. 

PlaOSKtation, the tormetion and arrangenient 
of the placenta. 

Platyb, large or broad, in compontion /'tofy; 

in Latin Lulus and Lute I 

Pleion, aereral, in c<Muposition Pietof in Latin | 
Phiri. 

PiaEioTRACfiSLE, Spiral Tessels with eereral fiWes 
anited. 

Pi^KSUB, when aqjplied to the flower, means 
double. 

PL&tntENCHYMA, WO<^y tlSSHe. 

PLBtmocARPi, Moseea with the fructification 
pir^tdiug laterally from the axils of the 
leayes. 

PLBTTRORHim®, Cruciferous plants having the 
radicle of the embryo applied to tlie edges of 
the cotyledons, whi< h arc called Acambenf 
PucATB and Plica.tive, plaited or folded hkc 
afKo. 

Plumose, feathery, applied to hairs having two 
longitu%nal rows of minute cellular proeeases 
Plumule, the fiist-bud of the embiyo, usuallv ^ 
enclosed by the cotyledons. 

Pluri, in Latin words means several. 
Plubilocular, having many loculaments. 
PODBTIUM, a stalk bearing tlie fructification in 
some Lichens. 

PODOOAKP, a stalk supporting the fnut. 
PoDOOYxruM, a stalk supporting ewi ovary. 
PoztOHPRHM, the coi^ attaclung the seeato the 
placenta 

P<XK)X, beard; in lAitm Barba. 

PoLLABD-TREES, cut down SO ss to leave only 
the lower part of the trunk, whicli giv^ ofr 
numerous ^ds nnd branches 
PoLLEsr, the powdery matter contamed in the 
anther. 

Pollen-tube, the tube emitted by the pollen- 
grain after it is applied to the stigma. 

PoLLiNiA, luasses of pollen found m Orchids and 
Aacle[dadB. 

Polyadelphous, stamens united by their lila- 
meaits so as to form more than two bundles. 
P<a,TAWDROU8, stamens above twenty. 
PoLYCABPio, plants which flower and fruit many 
^es m the course of their life. 
PoLYooTYXEOOiroua, an embryo having many 
cotyledons, as in Firs. # 

Poltembryont, having more than one em¬ 
biyo. 

PoLTOAMoua, plants bearing hermaphrodite as 
well AS male and lemale flowers. 

T‘olyotnceci AL, Spelled to multmle fruits formed 
by the united pistils of many flowers. 
POLYOTKOUS, having many pistils or styles. 
PoLTUORrRouB, assuming many sliapes. 
Polypbtalous, a corolla composed of separate 
pet^. 

P(>LYi»HYLTi>us, a caljx or involucre composed 
of separate leaflets 

P0LT8, many, in composition Fo/y; in Latin 
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PoLm^BiUL, G^taiaisg mnov seedy. 

Pome, a fruit hke the Apple and Pear. 

Pores of the leaf, same as Stam0Ua 
Porous vessels, same as Pitted«r Dotted vessels 
PoRREOT, extended forwards. 

Posterior, applied to the part of the flower 
placed next the axis; same as iS^up^Wof. 
Posticus, same as Hxtror^; applied to anthers 
Pouch, the short pod or iiliele of seme Crucifers. 
P0U8, P0DO8, a foot or stalk, in composition 
Poio; in Latin P«, Pti\ 9 . 

Prabfloratiok, same as 
pR«FOUATi()N, same as Vernation, 

Premorse, biMcn, applied to a root termmatinu' 
abruptly, an if bitten off. 

Prickles, hardened epidermal appendages, of u 
nature similar to hairs. 

Primine, tlie outer coat of the ovule. 
Primordial, tlie first true leaves-given off by 
the youtig plant jWlso the first fruit produced 
on a’raceme or siiike. 

Primordial Utricle, the lining menihrane (*1 
cells m their early state. 

Fkihmenghyma, tissue composed of pnsmatical 
cells. 

Process, any prominence or prcgecting part, or 
small lobe. 

I’RocuMBENT, lying on the ground. 

PRo-Ewmivo, cellular body in ovary, from hIucIi 
the embryo and its suBjiensor are foimed 
Sometimes Pro~embryo is used for ProthiUlus. 
PROLIKEROOS, bearing abnormal buds 
pRONR, prostrate, lying flat on the eartli. 
Propaoulum, an off-shoot, or germinating bud 
attaclied by a tbickish stalk to the parent 
plant. 

Prosenohyma, fusiform tissue forming wood. 
Prothallium or Prothai.i.us, names given to 
the first part produced by the spore of an 
acrogen m germinating. 

Protoplasm, the matter which seems to be con¬ 
cerned m the early lormation of nuclei and 
cells. 

Pruinose, covered with a coarse granular secre¬ 
tion, as if dusted. 

Pseudo, false; m Latin, Spuntis 
Pseudo-bulb, the peculiar aerial stem of many 
epiphytic Orchids. 

PsEUDO-HPERMOus, applied to plants hearing 
single-seeded seed-veaselB, such as Achenes, 
resembling seeds. 

Pteridoorapuia, a treatise on Ferns. 
Ptebocarpus, winged fruit 
Pubbscence, short and soft hairs covering 'a 
surface, which is hence called Pubrseent. 
Pulverulent, covered with fine powdery matter. 
Pulvinate, shaped like a cushion or jullowr 
PuLviNUs, cellular swelling at the poiiit u^ere 
the Icaf-slalk yoins the axis. 

Punctated, apphed to the peculiar dotted woody 
fibres of Coiiuer». 

PUTAMBN, tlie hard endocarp of some fruits. 
PvcNiDE, a papillspform ct wart*like minute 
cellular reproductive body in the thallus of 
Lichens 

PYREK.A, stony coverings of the seeds in the 
M^ar. 
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Pybiform, peat-fhi^ed. , i- 

pyxifl ana PYxmrtn*,» e*piirieopeiiliiroy»w 
Quadri, la cOBttpo«ltd(wi mean* four times. 

QaADRIFAKOTO, la four rows. 

Q 0 Aj>AiFn>, four-cleft, cut down into four parts 
to about the middle. 

Quadeijugatb. haTiag foui pairs of leaflets. 
QtTADRiLOOULAS, harmg fomriooulameiil*. 
Qpadripartitb, dindeu deeply into four parts. 
Quabmn-b, the fourth coat of the omle, whic'- 
often IS changed into albumen. 

Quaternate, lesFes coming off in fonrs from 
one point. 

QtriKABY, composed of five parts, or of a mul¬ 
tiple of five. 

Quinais, five toavis «Dmiug from one 
point. 

Quincunjc, when the leaves in the bud are five 
of T^ch two are ertenor, two mtenor, and thf 
fifth covers the intenor with one mat gin, end 
has its other margin covered by the extenor. 
(^uimcwidalt arranged in a quincunx. 

Quikque, in compound words means five 
QtTiNQVuno, five-cleft, cut into five parts as 
far as the middle. 

QirmQUFLOOULAR, bavmgflve loculameuti. 
Quinquepabtite, divided deeply mto five parts 
QuiN'nNB, the fifth coat cS the ovule, otherwise 
called the embryo-sac. 

Hack, a permanent variety. 

Raceme, cluster, infiorescence in which there is 
a pnmary axis beanng stalked fiowers. 
Racemose, flowering in racemes. 

Racris, the axis of inflorescence; also applied 
to the stalk of the frond m l''erQ 8 , and to tlie 
common staik bearing the alteamate spikelets 
m some Grasses. 

Radiart, applied to flowers which form a ray- 
like appearance, as seen in Umbelhfene and in 
Viburaum, &c. 

Radiate, disposed like the spokes of a wheel; 
also applied to the florets of the ray or arcuni- 
fcrence of the capitola of Composits 
Radical, belonging to the root, applied to U-aves 
close to the ground, clustered at the base of a 
flower stalk. 

Radicle, the young root of the embiyo. 

Radios, the ray or outer part of the heads of 
Composite flowers 
Raual, belonging to the beanefaes. 

Ramenta, the scales or chaff of Ferns. 

Ramose and Ramuus, branched. 

Raphe, the line which connects the hilum and 
the dhalaaa in anatropal ovules. 

Raphcdes. crystals found in ceils, which are 
henoe called Itapkxdian. 

Rsouftaclb, the flattened end of the pednncle 
or radiis, bearing numerous flowers in a head; 
applied also generally to the extremity of the 
peduncle or pedicel. 

Reclikate, curved downwards from the hon- 
vontsl, bent back up. 

JtEOTEMfiBme, the embryo straight in the axis 
of tne seed. 

IIectineevis and Rectivenids, and 

* paralleWeined. 


BECTU»BUi,:le«ro dilated.is s,|px!pM>> 

I series. 

Beourved, bent baekvarda. 

Rsdvfugate, edges of the uepafii or petaB 
turned outw^da m sestivatiom 

Rsoma, seed-vessel composed of elastic cooes, 
as is Daphofbia. 

RBauiAR, applied to an organ, the parts of which 
are of amiil^ form and size. 

Reliquijc, remsms of withered leaves attached 
to the plant. 

Reeifobm, m shape like a kidsCT. 

Rspamd, navmg a slightly undulated or sisaoua 
margin. 

Rspluk, a longitudinal division U a pod fomed 
by the placenta, as m Crucifena. 

Rbsupinate, inverted by a twisting of the stalk. 

Rsticulatbo, netted, applied to leaves kariRg a 
natwork of aaastomosuig veins. 

Retiforu, like network. 

Retinaculum, the glandular viscid portion at 
the extremity of th« cauilicle in some poUizda. 

RETiKEBVia and Rbtivenius, having reticulated 
veins. 

REraoiLSE, turned backwards. 

Uetcse, wiicu the extreouty is broad, blunt, and 
sliglitly depressed. 

Rbvolutb anil Rjevoluitstb, leaf with its edges 
rolled backwards m vernation. 

Khiza, in words derived from the Greek, means 
root 

Rhizume, a stem creeping horizontally, more or 
less covered by the muI, giving off bu^ al»ove» 
and roots below. 

Rhizotaeis, tlie anung^ment of the roots. 

Rhaaiboid. quadrangular form, not square, witli 
equal sides. 

Rictus, the throat or chink in personate flowers. 

Kinoemt, a Labiate flower, m which the upper 
Up » much arched. 

Rosaceous, applied to corollas having ie|arate 
sessile petals like the Rose. 

BceviTE, leaves du^msed m dose circles forming 
a cluster. 

Rostellum, a prolongation of the upper edge of 
the stigma m some Orchids. 

Bostratf., beaked, having a long sharp point. 

Rotate, a regular gamopctalous oorolia with a 
short tube, the luub spreading out more or less 
at right angles. 

Rotation or Gyration, a peculiar circulatioB 
of the cell sap, seen in Hydrodiandacem, &c. 

RooT-agocK. same as Rkitone, 

Rudimsntabt, an organ in an abortive state 
arrested in its development. 

Ruoose, wrinkled. 

Ruminate, applied to mottled albumen 

Runoiratb, a pinnatitid leaf with a tnaqgular 
termination, and sharp divisions pointing down¬ 
wards, as m Dandelion. 

Baccate, forming a sack or bag, seen in some 
petals. 

Iagittate, like an arrow, a leaf having two pro¬ 
longed ■ shop-poioted lobes projecting down- 
VI ards beyond tus insertion of the petiolfi. 

Samara, a winged dry fruit, as in the Mm. 

Haucocaiip and Saroodeem, the mwoi^p of 

the fruit having become succulent. 
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SJLBOQZiOBtA, eotfiadou tUck »cd m is BaM Litte fix, same ai 
Bean and Pea. . SiuoCFLi or S!ucl£, a ahort pod with a dnobie 

BAMdc^TtrXf aometimM meanisfr the «uoe ai' pbicestoaudi^pivi), a»iai<^eOnU!ii&m. 
Fa<itUim, or nt&oer,ai tunes applied to Btucmijo&A. bea^g a aflicle, 
a twining iteorwbi^ sni^rU itself bg means i Siuqva, a long pod similar in strnctore to the 
of others. siUcuU. 

Scabrous, toq^ eorerod with very stiff short BiuQUiEjroBM. fruit IfkO a siliqna in form. 

hairs } Smmujfititu, somewhat roagh. i Siliquo&s, birring b 80iqnB. 

Bcailabiforx, resseis hanng bars hke a Udder, | Simfls, not branching, not divided into sepanite 
seen in Ferns. ^its; SmfU jruiU are tinMe formed by one 

ScAimsNT, climbing bj means of supports, as on dower. 

a wall nr rock. Sikistaobsx. directed towards the left. 

ScAi^ a naked flowef^fftalk, bfitriBf <me or more gkKUATKD. the niai^ having nomerons Urge 
flowers arumg from a short sms, and usiumy obtuse indentations, 
with radical leaves at its base. Sinuous, with a wavy or fiexnous margin. 

SOAAIOUB, havine the consistence of a dry scale, Bi^ashed, divided by deep and very acute m- 
membranous, dry, and shrivelled. cisions. 

ScroN, the young twig used as a graft. Sobolbs, a creeping under-ground stem. 

Bgxjbioobn, the thickening matter of woody Social Plants, sueb as grow naturally in groups 
ecUa or lo&sacB 

SocfBiPoini, in the lorm of filings, or like fine Soredia, powdery cells on the surface of the 
saw'duBt. tballuB ol some Lichens. 

Boobiha, the fiexuose rachis of some Grasses. Sorosib, a compound or polygyncecia! sucmlent 
ScoRPioiDAL, like the tail of a scorpion, a pe- inut, such as Breadfruit aud Mulberry 
collar twisted cymose inflc^seence, as in Bo- Bobus, a cluster of sporangia in Ferns; appli'd 
raginacec. also to fructificatiunin Alurm, containing pyn- 

Boboticulatf., pitted, having small depressions. form 8tipit.itc spores. 

ScuiuxuM, a sort of apothecinm m LichenB. Spadix, a Bucculent epike bearing male and fe- 
%CUND, turned to one side. , male flowe rs, as in Arum 

Sscundine. the second coat of the ovule witliin i Spathaceous, having the aspect and membrun- 
the pniDine. j ous conBistcnre of u spathe 

SsoBKOATB, separated from each other, Spathe,* Jargi* membranouB bract covering nu- 

BSMi. half, same as the Greek i/mi. merous flow ers 

SESfiFtosouLOUS, samc as Ugulatt. Spathella;:, another name for the glumellee of 

Skxinal, applied to the cotyledons, or seed* Glasses • 
leaves. Spathulate, shaped like a spathula, applied to 

Sepal, one of the leaflets forming the calyx. a leaf having h linear form, enlarging suddenly 

Septate, divided septa or partitions. into a rounded extremity. 

Septem, seven, in Greek Hepta. Spawn, same as Mj^rehnm 

Sbptenate, organs approaching in sevens; a Specific Chahacteb, the essential diaracterof 
compound leu with seven iedets coming off a species. 

from one point. Spermatia, motionless spermntosoids in the 

SeFTtcipal, dehiscence of a teed-vesscl through spermogonee of Lichens and Fungi. 

the septa or ed^s of the carpels. Spermatozcudb, moving hiaments contained m 

8n*BrEAOAL, dehiecence of a seed-vessel througli the antberidiu of Cryptogams; called also phy- 
the back of the loculements, the valves aleu tozoa and antheiozuids. 
separating from the septa. Bpehmoderm. the general covering of the 8ee<l. 

Beptulatx, having spurious tratmveTse dissepi- Sometimes applied to the epispurm or outer 
luentt. covenng. 

SXrrUiL a division in an ovary formed by the Spebmooonr, a microscopic conceptacie in 
aides of the carpels. Licbens, coutaining reproauctive bodies called 

S^IOBOUB, silky, covered with fine, close-pressed Spermatia; also a conceptacie contHiuin;: 

hairs • fructification in Fungi. 

Serrate or Ssraatsu, having sharp processes Spbauienchyma, tissue composed of spbeucal 
arruiged like the teeth of a saw. hiserrate, cells 

wben these are alternately large and mall, or Spike, inflorescence consisting of nnmerods 
where the te^ith are themselves serrated. flowers sessile on an axis. 

^fUUTURES, pointed marginaldivuiODi arranged Spirelet, small cluster of flowers in GAsses 
like the teeth of a saw. Spine or Thorn, an abortive brenA widhE hoi d 

Skbrulatb, with very fine serratures. sharp pomt 't -- 

Bxsqui, is cfunposition, means one and a half Bpinescent or Spinosb, bearing spines. 

6as£l^ wlibont a stalk, as a leaf without a Spiral Veshels or Spiboidea, having s spiral 
pciaole. fibre coiled up inside a tube. 

SsTA, a bristiie or sharp hair; also applied to the Spiriixuu, same as Spermatotoid. 
glmnd-tiuped hairs of Kosaceto and Hieracia, SfibolobevE, Cm ifere hav'i^ tiie eoiyleduits 
and to tne stalk beRiing the iheca in Mosscb. f^olded transversely, the radicle being dorsal, 
SscAOsotm and BenpORM, in the form of bristles. SponaioLE or SpONaEuri, ^ oelhilar extremity 
SBmaBROus, bearing seite. of a young root 

Bstose, covered with setee, Sfurangiuu, a case contalainf spores. 
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gpoCT, » oelhi&r JtiWlMtiag bofly ia Crjpto- 

getmtoatlBglioay io Cryp- 
ou&t&inixig two or more teos in us 
interior. , ^ . 

SPOROCAKP, 13 ieinToliicre orovoid-sao contaramg 
the organs of reproduction In Martileacee. 

Sr^BoraoKS. a st^h supporting a spore. 

8roB080in>a monsg spore iUnusbed with dUa 
or W>»ratjlc proeessei. 

SpuBy saaie as Ca/oar. 

Squaiu, « scale alio applied to bracts on the 
receptacle of C^posit^ to bracts m the mflo- 
rescenoa of Azuentifem, and to the lodicute of 
Grassea- 

Squamcse, covered with Scales. 

Squjibrosu, oo'ered with processes spreading at 
right angles (# in a greater deg«ee. 

Stachys and Stachya, in GVe^ words signily 
a spike. 

Stamen, the mole organ of the flower, formed bj 
a stalk or lament and the 4 nther containing 
pollen. 

SrAMiNATE and Staminipkrous, applied to a 
male flower, or to plants beanng male flowers. 

Staminopium, an abortive stamen. 

Stanhabd, same as rexillum. 

Stellate or Btelliform, arranged Uke a star. 

Stebiomata, cells lieurmg naked spores ^ also 
cellular Maments tieanng spermatm and stjrlo- 
spores, in the Spermt^ones and Pjcuides of 
Lichens. 


Stbiodu, covered with rough, strong, adpreut d 
hairs. 

STBoniLtrfi, a cone, applied to tlie froit of i its 
«s well as to of the Hop. 

Strofhiolb, h sort ot aril or aweding on the 
surface of a seed 

Btbuma, a cellular sweUmg at the point wliere 
a leaflet joms the midnb; also a swelling be¬ 
low the •p<Mrmigiom of Uossee. 

Stuposk, having a tuft of hairs 

Btylv, the atalk interposed between the ovary 
and the stignm. 

Bttlofod, an mgvnous disk seen at the base of 
the style 8 of Ombell<r«rs. 

Stylospobe, a spoi%-like body borne on a sterig^a 
or cellular stalk, in the Hyimdes of Uchens. 

SvB^Rovsy having a ct>rky texture, 

SoBicuLUM, same as Ilipoikallw. 

SUBTRRRANFAir,under ground, same as 

SoBDLATB shaped like a cobbler’s awl. 

8 ucci 8 tt«, abrupt, as it were cut off, same as 
Freoii. rse. 

SuFFRUTicosE, having the chiM'aeterB of an ut»>’ 
dershTub, 

SuLCATV, furrowed or grooved. 

Superior, applied to the i>vary when free os not 
adhei eiit to the calyx, to the oAlyx v ken it is 
adherent to the ovary j to the part ot a flower 
placed next the axis. 

Supervolute or Sopervolutive, a leaf rolled 
upon itselt m vernation. 

Sum.uLUB, a sucker, a stmot tlirowu off undef- 


Stkbilu, male flowers not beanng fruit. 
STioniDiA, pod-like Teceptaclcs containing 
spores. 

Hrioaoue, at the termination of words means 
a row, as dislichous, m two row 3. 

Btioma, the upper cellular secreting portion of 
the pistil, uncovered with epidermis, SHymatiCy 
belonging to the stigma. 

SnuuLUB, a sting, applied to stinging hairs with 
an imtatiag secretaon at the base 
Stipe, tlie stom of Palms and of Tree-ferns, also 
applied to the stalk of Fern-fronds, and to the ! 
stiilk bearing the pileus in Agarics I 

Htipbl, a smmi Icanet st tlie base of the pmiie 
or pinnulei of compound leaves. 

Stipitatr, supported on a stalk. I 

SnpuLABT. applied to .organs occupying the 
place of Bimules. such as teudrOs. j 

Stipulate, iamiihed w ith stipules. | 

Stipule, leaflet at the base of other leaves, hnv- > 
ing a lateral position, and more or less cliangcd 
eitlier in form or texture. i 

Stolon, a sucker, at first aerial, and then turn¬ 
ing downwards and rooting. i 

Stolonifs^cb, having creeping runners which 
/Qot at thie jmnts. { 

SsboL, 8 plant from which layers are propagated, j 
V down the braBches so as to root m ^ 

taetoQ. I 

Stokatm and Stomata, opentngs iu the raider- ' 
mis Of plautti, especiaJIy in tlie leaves. 
Si^^ouLATEZ), contracwd and expanded irregu- 

Strap-I^apxd, same as liyxOate^ linear, or about 
SIX timeses long as broad. ^ ' 

Stria, a narrow hne or mark. 

8 triatei>, marked by streaks or stjMc. 


ground, and only rootiue at its base 

SusPKNUEo, applied to an ovule which hanirs 
from a point a little below tim apex of tlie 
oviirj. 

BusPENbOR, the cord which suspends the embryo, 
and IS attached to tltp radicle in the young 

8 t.ite. 

0UTURA1, applied to that kind of dehiscence 
which takes place at the sutures of the truit 

Suture, the part where separate organs unite, 
or where the edges of a loloed organ adhere, 
the lentral mtine of the ovary is tiiat next the 
centre of the flower; the dorsal sutitrt Corrcf 
spimds to the midrib. 

SYC0Nua,‘a multiple or jpolygyncecml succulent 
iiollow fruit, as in the r ig. 

Symmetry, applied to the flower, has reference 
to the parts being of the same number, or 
multiples ot each oclicr. 

Syn, in composttion meat s united. 

SvNAWTHEm>if 8 , anthers united. 

Synanthos, flowers united together. 

Synoakpous, carpels united so as to form one 
ovai y or pistil. 

SYNQiavERious. sanie as SynauthnvMS. 

Synoctirkatk, stipules uniting together on the 
opposite side of the axis from the leal 

Taphuenchyma, pitted vessels, same as Both' 

rcHfhi/vin 

Tap-root, root descending deeply in a tapenng 
undivided manner 

Taxonomy, principles of the classification of 

Tbomrn the second corermg of the teoQ, called 
also End- p'enra. 

Tegmenta, BcaJes protecting buds. 
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TeRATOi/K3T, ftadjr at znoBstrosities and mar> 
pUological cbaoMi. 

’T^urx, tbe iiiMA tiie onde, forming the 
covenng of the central aaciena. 

TsBinz, nearly cylindrical, lomewhat tapering 
mto a Terr elongated cone, the tran&veric ftcc« 
t)OB nearly cu%nlar. 

Tebkabv, piirts arranged in threes. 

TiSRNATE, compound learee composed of three 
leaflets. 

Teota, the outer ooTeriug of the seed; some 
apply it to the coverings taken collectively. 
Testioulatb, root having two oblong tubercules. 
J'r.TaA, m Greek words lour; in Latin ^mteror 
Quadri. 

^mADVNAMOUB, fouT loDg stamens and two 
- short, as in Cructferm. 

Tbes.S{X)VDUB or Tetbaoohal, having four 
HB|^, the faces bmng convex. 

TETJuavnous, having tour carpels or four styles 
TETitAMEROua, composed of four parts; a flower 
is tetramerons when its envelopes are in fours, 
or multiples of that number. 

TETRANDiious, having four stamens. 
Tetrapteroos, having four wings. 
Tbtraquktrous, having four angles, the faces 
being concave. 

Tetrasporr, 8 germinating bodv m Algm com- 
led of four spore-like cells; bat also applied 
^0 those of three cells. 

TKi’UATireoAL, having four loculaments. 
iHALASiirLORAL, parts of tlie floral envelope in¬ 
serted separately into the receptacle of thala¬ 
mus 

Thalamus, the receptacle of the flower, or the 
part of the peduncle mto winch, the floral organs 
are mserted. 

Thauxioshb or Tuaxoaipiiytes, plants produc¬ 
ing a thallus. 

Thallus, cellular expansion m Lichens and other 
Cryptogams, bearing the fructification. 

Tueca, aporangium or spore-case coataining 
spores. 

Thecaphore, a stalk supporting the ovary 
THa$u^u»Rous, applied to l^irngi which have 
the i^pores in thecee. 

Throat, the orifice of a gamopetalous flower 
Thyrsus, a sort of panide, m form like a bunch 
of grapes, the mflercsoeoce being nuxed. 
Tioe£.lu8 , the yiMing embryonic axis. 

Toise, is equal to 1.V4904 metres oi 6.39459 Eng¬ 
lish feet 

Tokentose, covered with cottony, entangled 
pubescence called iomfutum. 

Toroxosb, presenting successive rounded swell¬ 
ings, 08 in the niomliform pods of some Cruel¬ 
ler©. 

Torus, another name for thalamus, sometimes 
applied to^R much developed thalamus, as in 
Neltxmbium. 

Trachba, a name for spiral vessels. 
Trachenohyma, tissue composed of spiral ves¬ 
sels. 

TaANSPiRATTON, the exhalation of fluids by 
leaves, Su:. 

Trfts, three; Tbir, thnee, in composition Tru 
Triadeltuou.b. stamens united m three buttes 
by their tilameuts. 

XaiAynnouR, having three stamens. 


TBtAMCTOLAlh Imvingthree angles, the faces being 

Trichotomotjb, divided snccesdtvely into three 
branches, 

Tricoccoub, formed by three elastic moaosper- 
mal carpels. 

Tricostatb, throe-ribbed, rib* from the base 

Tricuspidati, having thm long points or cus- 
pidee. 

THiniyTATB, having three teeth. 

Tkifarious, in three rows, looking m three di¬ 
rections. 

Tripip, throe-cleft, a leaf divided into three seg¬ 
ments which reach to the middle. 

Trifoliate or Trifouolate, same as Ternate 
When the three leaves come off at one point 
lA itrnately~trifoholate ; when there is a 
terminal stalked leaflet and two lateral ones, d 
18 fnnnatsiy-trifoholnte. 

Trigonous, having three angles, the faces being 
convex 

Trioynous, having three carpels or three styles 

Thijugate, having three pairs of leaflets. 

Trilocular, liaving three loculnmcnts 

Trimeroub, composed of three parts, a trmermia 
flower has its envelopes in three or multiples ot 
three 

Trinebvis, having three ribs springing together 
from the liuse. 

TRiacoious, a species producing hermaphrodite, 
gtaminate, and pistillate floweis on three sepa¬ 
rate indiruJuals 

Teipartitk, deeply divided mto three 

TimnNNATE, a compound leaf three times divided 
ill a piuricite manner. 

TmrivNATiFip, a pmoatifid leaf with the seg¬ 
ments twice divided m a pmnatiftd manner 

Triclk ostate, three ribs proceeding from above 
the base of the leaf 

Triquetrous, having three angles, the faces 
being concave 

TuisTioHuns, in three rows. 

Triternate, three tunes divided in a Icrnatc 
manner. 

TRonioapERM, a name for the placenta. 

Truncate, terminating abruptly, as il cut oif .it 
the end. 

Tryma, drupaceous fruit like the Walimt. 

Timber, a tliickened underground stem as the 
potato. 

Tubercule, the swollen root of some terrestnal 
Orchids. 

ToBERoua, applied to roots m tlie form of tuber¬ 
cules. 

Tubular, applied to the regular florets the 
Conipositfe 

Tubular-bell siiapfj), apphed to a aimpanu- 
late corolla, which is somewhat tubular iB.Jts 
form. 

Tunicatpd, applied to a bulb covered by wn 
external scales, as the Onion. 

Turbinate, in the form of a top. 

Turio, a young shoot covered with scales sent up 
from un underground stem, as in Asparagus. 

Type, the perfect representation or idea oi any¬ 
thing 

'XypicAL, applied to a specimen which has emi¬ 
nently tlie characteristics of the species, or to 
a species or genua charaotenstic of an order. 
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Umbel, mfloreicence in whidi wnnerow 
flowers arise from one point. 

UMMUiULE, a small nmlieiy seen in the com¬ 
pound umbellate flowers of many UmheUifene. 

Umbiucate, fixed to a stalk by a point in the 
eetitre. 

UMWLioufl, the hflam or base of a seed. 

Umbo, a conical protuberance on a surface. 

Umbonate, round, with a projecting point in the 
centre, bke the boss of an ancient slneld. 

Umbuaouufxbous, m the form of an expanded 
umbrella. 

Uncinate, provided with an uncut or hooked 
process. 

Undecim, eleven, m Greek Endeca. 

Unguis, claw, the narrowed partofapetal; such 
a petal is called Unffuiculate. 

Ujji, in composition one. same as Greek .Hmo 

Unioellulab, composed of a single cell, as some 
Algte. 

Unilateral, arranged on one side, or turned to 
one Bide. 

Unilocular, having a single loculus or cavity. 

Unisexual, of a single sex, applied to plants 
having M^aratc male and female flowers. 

Ubueolair, um-shaped, applied to a gamope- 
talous globular corolla, witn a narrow (gening. 

Ustulate, blackened. 

Utricle, a name for u thin-walled cell, or for a 
bhidder-Iike covering. 

UiRiruLus, applied to a kind of fruit bke the 
achenc, but with an inflated covering; also to 
the persistent confluent pengonc of , m 
Algee applied to a loose ^elluiar envelope con- 
taming spores. 

Vagina, sheath, lower sheatlung portion of some 
leav es. 

Vallecula, an interval between the ribs on the 
frmt 01 UmbcMerse. 

Vai.vate, openii^ by valves, like the parts of 
certain sfid-vessels, which separate at the edges 
of the c.iipcU. 

Valvatl Jesttvatton and Vernation, w'hen 
leaves m the flower-bud and leaf-bud are ap 
plied 10 ench other by t|neir margins only. 

Valvls, the portions which separate in some 
dtbisceut capsules. A name also given to the 
parts of the lluiicr of grasses, 

Vabcdlar tibsue. conipoBcd of spiml vessels 
and their luod.lications 

Vasiform tissue, same as Dotted vessels. 

Veins, bundles ot vi«ils in haves 

Velum, veil, the cellular covering of the gills of 
an Agaric, in its early state. 


Vhlcttnous, httring * 

Venation, the arrangemeBt oftte veiasi '', 

Ventral, apphed to the port g( the narpef 
]s next the axis. 

Ventricose, swelfisg UQeqoally on one side. 

Vermicular, shaped like a worro. 

Vernation, the arrangement of the l^ves in the 
bud. 

Verbuoc^e, covered with wart-like excrescences- 

Versatile, applied to an anther wMch is at¬ 
tached by one point of its back to the fllanient, 
and hence is very easily turned about. 

Verticil, a whoTl> parts arrunged opposite to 
each other at the same level, or, in ot^r words, 
m a circle round an axis. The parts are said 
to be yerticiliats. 

Verticillaster, a false whorl, formed of twoV 
neaily sessile cymes placed in the axils of op¬ 
posite leaves, as in Dead-nettle. 

Vekk'LK, another name for a cell or utricle. 

Vesselr, tubes with closed extremities. 

Vkxiliart, applied to aostivation when the vex- 
iHuiii 16 folded over tlie other parts of the 
flower. 

Yexit,lum, standard, the upper or posterior petal 
ot a papilionaceous flower. 

ViuiNTi, twenty ; same as Greek leosi. 

Villous, covered withlong soft hairs, and haring 
a wooily appearance. 

ViBOATE, long and stringht like u ivund. 

ViscouH, clammy, like bird-lime. 

Vjtellus, the embryo-sac when persistent in 
the seed. 

Vi'iT.*; cells or clavate tubes containing oil in 
the pericarp of Umbelhfcrm. 

Viviparous, plants producing leaf-buds in place 
of fruit 

Volubile, twiniiig, a stem or tendril twining 
round other plants. 

Volva, wrapper, the organ which encloses the 
parts of fructification lusomo Fungi m their 
young state. 

WiioBLED, same as Vertioillatc. 

WiNOij, tlie two lateral petals of a papilK»ficieou6 
flower, or the broad flat edge of any organ. 

Xantuopeiyll, yellowciflourtng matter m plants. 

Xanthoh. yellow, in oott^osifson Xantho. 

XviA'icARpoua, which becomes haid ^d 
woody. 

Zoospore, a moving spore provided with cilia, 
called also Zoosperm and Sporoeoid. 

i Zootheca, a cell contimung a spcnmitoroid 
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ABBEEVIATIONS AND SYMBOLS. 


The flamei of Authors are abridged m Sotanical works by giving the first letter or tyUahle. 
fci’ —That, L. stands for LurntBus; 1)0. for De Candolle; Br. for Brown; Lam. end Lmk. for in 
omrck; Hook, for Hooker; Hook. fil. for Hooker junior; lindl. for Lindley, Am. for Amott, 
Hud^. for Humboldt and Bonpland; H. B. end R. for Humboldt, Boapland, and Kunth; W and 
A. f-ir Wight and Amott; Benth. for Bentham, Berk, for Berkeley; Bab. for Babuigton, 8ic 
Tfie symbol ao or 00 meaus an indefinite number; in the case of stamens, it means above SO. 

G means Hiioocarpic, flowering and fruiting once during life, duration uncertain. 

O ^ or A. means a Monocarpic annual plant; flowering and Mting within the year and then 
dying. 

S 00 0 ^ or B. means a biennial plant; flowering and fruiting m the second year. 

‘ 2 ^ 4 or B. means a perennial plant; Rhirocarpic. 
t) means a woody plant ^ means an uudershrub. 

fy J or Sh. means a Shrub; 6 means a Tree under S5 feet; T. or "ft a Tree above 25 feet, 
w means a Climber; ) turning to the left; (tummg to the r^ht. 

0 Cotyledons accumbent, radicle lateral; PleurorhizeGe. 

O S Cotyledons incumbent, radicle dorsal; Hotorhizece. 

0!^ Cotyledons ctmduplicate, radicle dorsal; Orthoplocem. 

0 II n Cotyledons plicate or folded, radicle dorsal; Spirobbees. 

0 t! li !i Cotyledcms bipUcate or twice folded, radicle dorsal ; Ihplecolobes. 

$ Hermaphrodite flower, having both stamens and pistil 
^ Male, staminiferoUB, stanunate, or sterile flower. 

$ Teroale, pistUliferous, pistillate, or fertile flower. • 

g ^ Unisexual spedes, having separate male and female flowers. 

^ ^ Moncedous species, having male and female flowers on the same plant. 

^ Dicecious speaes, having male and female flowers on different plants. 

9 $ $ Polygamous species, having bermaplirodite and unisexual flowers on the same or diflerent 
plants. 

' Indices certainty as to a genus or species described by the author x)Uoted. 

T Indicates doubt as to the genus or spedes. 

O Indicates absenoe of a part.' 

p e. sp. or 9.«. Vidi n\nm spontaneam, indicates that the author has seen a living Eil^'e 
specimen of the plant described by him. 

p.«. e. Vidi Til am cultam, indicates tlmt he has seen a living cultivated specunmi. 
p. i.ip. or p. i. Vidi siccam spontaneam, indicateathat he has seen a dried native specimen. ' 
p.«. c. Vidi siccam cultam, indicates that he has seen a dried cultivated spedmen. 
p. in h. Seen in Herbariam. 



INDEX, 


Pi 

Ahaxlal or aoaxlle.. 

AbbrpviatioTis. 718 

Aberration, sphcricaL... .1*06 
— chiomatic....Vi06 

Abie.s..lOtt 

..1045 

-. Region of.1162 

Abnormal.121 

Abortion or non-develop¬ 
ment.8S9 

Absorption of fluids by 

plants ... > * 253 

--Inorganic 

matters.281 

Acacia.167i 862 

Acanthaces. 970 

Acaothodium. 971 

Acantbos. 971 

Acaules.. 65 

Acclimatizing of planta. .1172 

Accrescent.o<*7 

Accnmbent. COl 

. m 


Achsmnm.541 

Arhlaraydeons.351, 649 

Achlya......1129 

Achras. 937 

Achromatic...1205 

Acicuiar. 150 


Adda Organic.320 

Aclnaciform.150 

Acinus, oneoftbedivislons 
of the fruit of the Hasp- 

berry......645 

Aconlta or Aoonitina..... 740 

Aconitom. 740 

Acorese.....1093 

Acorus Oalamus.1093 

Aootyiedones........590, lin4 

A 2 »^ledonu 8 stem, 71,103,107 

Asramphibrya. 736 

Acrobrya........1104 

Acrocarpt.1116 

A^gentt.....1105 

JnrogeDous stem. 71,102, 107 

Aurogena, reign of.1185 

Acteee-.....,. 789 

Actineuchyma... 6 

Acuiei*..*.. 57 

Acnmiuita. 150 

Adam's Needle...........1078 

Adansonia....784 

Adhereol...160, 408 

Adimslonef Organs...... 652 

Adnate.....180, 408 


Adpressedhaiia.......... 80 


Parafrapk 

Adventitious leaf-buda .. 198 

— —. roots.121 

Aerial stem... 70 

— leaves. 184 

JBsculua... 807 

J^stlvBtion.8«H 

JEUiloplan Lily.1093 

Affinity.704, U4T 

Agamous...889 

Agartcns.1124,1125 

Agathotes Chirayta.949 

Agavefe.1078“ 

Ages of trees.79. 686 

^•Aeglutination of cells.... 18 

Ag^egate.....541 

Aggi egate ihiita.. 538 

Alr-ceils. 21 

Air-plants.121, 251 

Akee ^t. 807 

AlabastniB.854 

Alte.879 

Alanglacec. 864 

Albumen.587, 5^ 

Albummous. 587 

Alburnum. 78 

Alder.1036 

Algae.1127 

-how to prepare .... 1228 

Algaroba-beim..861 

Alismaceae.1088 

Alkaloids..S21 

Alkanet...959 

Allieae.1077 

Alligator pear. 994 

Allium.1078 

Allspice. 

——-,Carolina.856 

Almond. 855 

Aloe, American.1078 

Aloes.1078 

Aloes-wood.1003 

Aloineae.1077 

Aloysta.. 969 

Alpine travelling.1282 

AUmesp.778 

AlsodeiefiB..7(>8 

Al^bmerieffi...1072 

Altlusa. 7m 

Alternate....... 170 

Altinglaceas.....1038 

Alumina in the toil. 236 

Amadou..1125 

Amanita..1124 

Amaranthaceft..... 984 

Amaryllidaceffi..... • 1073 

Amentiferee.1033 


PB«Vrapfc 

Amentum. :1**4 

American cowslip is 

catheon. 975 

Amomum. ..1062 

Ammonia, source at nltn>- 

gen. 215 

Amrnonlacsl liquor, at a 

manure........ 246 

Ammoniacal manurea.... 243 

Ammoniacum.891 

Amnios.....468,586 

Amniotlc sac.504 

Ampelideae...818 

Amphibious plants.1139 

Amphlbrya. ..liW9 

Amphigamae or Amphi- 

gen©.1118 

Amphitro^..w468, 603 

Amplexicaui..189 

AmpuB© .. ..120,164 

Amygdale©.854 

Amy^aline..,.310, 355 

Amyiidaoe©. 844 

Region of. .1155 


Anacardiace© ■842 

Anacyclns.. 917 

Anagailis....976 

Analogy.1147 

Analysis of soils. 288 

Anamirta. 747 

Ananas . ..1076 

Anatomy, vei^ble ..... 1 

Anatropal.467. 584 

Anatropons .467 

Andira ... 8'0 

Androecium.390 

Androphore.3>'9 

Anemone®. 7-;9 

Anothum.892 

Anfractuose.^*6 

Angelica. 

An^enchyma . .. 

Angiosperm©...981 

Anglospermous.. 576 

Angiosperms. rdgn of 1198 

Angns^pt©.. 760 

Angustura or Angostora 

bwk. 828 

_, False.947 

Anise ..892 

Anlsostemonoui......... 892 

Annual..............633, 718 

Annular cells. 11 

-.vessels.. 35 

Aunularia...........1186 

Annulate ferns..».......llu8 
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UtBEX, 


Annnl.tedr^.V.-.^r.’lf 
Auonace* . 744 

AoterloT. applied to parti 
oftTjertower..-»4....... 857 

Atttherals. 917 

Anther......396, 402 

, n,.., colour of.. 413 

-, coverings .403 

. ,del^seenceof.410 

—, development of... 404 

-, form OT lotsea ot... 408 

,nntonof..q...A.. 417 

AnthtBriceee...10t7 

Antheridluin. .427, 492, 

Anthesis. opening of the 

Covers.......854 

APthocarpsaa ... .588,556 

Anthodi\im..'4«. 836 

Anthatoxis. 824 

Antics.1022 

Antttto.412 

AntitThinlde®..964 

Antitropal... 603 

Aperlspermlc...605 

Apetaious. 647 

Aphyllanthem ...1077 

Apiaees.. 888 

Apidlar.. 451 

Apicnlar. 530 

Apteulate. 528 

Apocarpons.434, 538 

Apocynaoee...944 

Apophysis..1114 

Apothccia.1119 

Appendicular organa..... 57 

Appondlculate.383, 398 

Apple.855 

Appressedhairs...... 60 

Aquatic plants.1139 

Aqulfo^^Offi ..934 

Aqullariaces.. 1008 

Arabine . 303 

Aracese ..-.1092 

Araltaoea. 894 

Araucaria..........1046 

Araucarites...1190 

Artwreicent . 68 

ArboriAita.1048 

Arhutua .. 931 

ArchegODlom.493 

ArchU. 1121 

Arcttuin. 916 

Arctoitaphylos.^1 

Ardisla.988 

Areca.1086 

Aiocinea}.1085 

A reel .948 

Arlliode.581, 996 

Arillus. 581 

Arlaeie.1092 

Arista, an awn^ as In 

grasses.1099 

Aristato...1099 

Anstolochiacete.1009 

Aimerla.. 977 

Arnica.917 

Amotto thmily. 766 

Arracacha ..890 

Arrow-root ..1064 

-, BratUlan.1018 

-, spurious...*.1048,1062 

Artanthe.1032 

Aiitemisia...917 

ArtU^oke. 916 


_-p.'rafi 

Artichoke, Jerusalem-... 9l7 
Artidclal System.........715 

Artocarpete.........1019 

Asarabacca..***?^ 

Asamm .....1010 

Ascending ovule ..... ..471 
Ascherson on Cjtogoneds 22 

Aacidia,.. 164 

Asclepladaces.942 

A scomycetes..1123 

Ascus.469,1119 

Ash. 941 

Ashes of plants. 220 

--Bean, Pea, and 

Bye-Grass. 223 

— - -Oats. 223 

--Wheat.223 

Asparagea.1077 

Asparagus..........1078 

Aspen .1034 

Asphodelea.1077 

Assafeetida. • 891 

Asteracea.910 

Astera, Region of..11-55 

Astragalus.850 

AthorosponnacesB.1027 

Atractenohyma. 5 

Atriplex. 987 

Atropa. 961 

Atropia... 961 

Atropous or atropal.465 

Attar of Roses. 865» 

Aucuba. 896 

Aurantlaceas. 795 

Auricula. 975 

Aurlculate. 150 

Autumn Crocus. 

Avellano. 996 

Avenia ... 141 

Avocado Pear . 994 

Axe-shaped. 160 

Axial. 602 

AxQ. 340 

Axlle.440, 602 

Axillary....140. 160 

Axis, ascending. 70 

—, descending.119 

-, floral.326 

Azote, source of.215 

Asotized matter in plants. 311 

-, Products .310 

Azalea. 927 

Babul-wood.852 

Bacca. 550 

Baccate .. 550 

Bolanophoraces ..1041 

Balansta...550 

Balm. 967 

Balm of Gilead.845 

Balsam, bursting of seed- 

vessel . 27 

family.819 

' ' — of Copaiva...... 861 

■■■ of Peru.. 8W 

-of Tolu.860 

-ofUmIri. 810 

Balsamacose...1033 

Balsamlnaces. 819 

Balsamodendron.845 

Balsams. 818 

Bamboo........1102 

Banana..1066 

Bananas, region of.1160 


[ Bane-berry is Actffla...... 7o8 

Banksia ... 

Banyan ... 

Baobi^.108, 784 

Barbadoes Cherry........ ft >4 

Barbadoes Gooseberry ... ^ 

Barbed....... 58 

Bark...72, 82 

——, Iklse in Bndogens .. 92 

—»ftmetions of.109 

——^ mode of its iacre use. 86 

rupture of..... 87 

—^ separation of outer 

layers of. 88 

Bark-broad.;.1046 

Bark, Peruvian.. 908 

-, false.903 

-, fever. 903 

Barley.UOO 

Barosma. 828 

Barrlngtonieffi.866 

Banron CeU-formaUon.. 22 
Baslf, see Basilar. 

Bases, organic. 321 

Basidia. nn 

Basil. m 

BasUor.451- 

Bassla. 93T 

Bassorin .303 

Bast, or Bass.. .29, 788 

Bast layer. 88 

Batatas. 956 

Bay-Laurel.85fr 

Beaded-vessels . 3T 

Bean...8^ 

Boau-caper.826 

Bearded. 60 

Bebeeru. 994 

Beech .1087 

Beech-drops...968 

Beet.. 987 

Beet-sugar.306 

Begoniacete.992 

Boil-shaped.380 

Belladonna .961 

Belvtsiacese...874 

Bengal Hemp.850 

Ben-nuts.. 853 

Bent or Marram.1108 

Benzoin .. 9^ 

Berberidacese. 74(^. 

Berberry or Bai'berry fii- a 

mily.. lik 

Bergamot. ..796 

Berry. 550 

Betel-nut palm.1086 

Betel or Bctle-pepper ... .1082 

Betul^ete. \06S 

BhanT.1026 

Biennial.683,719 

Bifid. 379, 

Bifurcate...4ill^ 

Blgnonlacese. 

tS' 

Bilabiate...883 

BllameUar.. 457 

Bilateral.. 456 

BlUmbifruit.. 821 

Bilocular... 4/^, 440 

Bindweed family 955 

Bipartite..4»4 

Biptnnate.. 

Biptnnatlfid.147 
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^aragrafh 

Biplnnatlpartite .. U7 

Biixh .. lOSJ 

Blrd-llme. fW 

Blrd-peppor. 

BIrthwort family. 

BisCTrft-root.1«TO 

Bistort. 

Bltoroate.. 

Bitter-Almond'. 855 

Bitter-Apple. 8^ 

Bltter-Svreet .. ^ 

Biviilvular .. KR> 

BUcs . 766 

BUck-Alder . 841 

Black-Bryony...1052 

Bladder-nut . 859 

Bladder-Senna...850 

Bladder-wort.078 

Blade of le^. 189 

Blanching.800, 690 

Blotting .667 

Blight :.693,1126 

Blood-root.1071 

Boards for pressing plants. T227 

Bohun-Upas .1022 

Bomhacece.783 

’Bembax . 784 

Bones, as a manure.246 

Bonplandia.....628 

Borage. 959 

Boraglnacese.958 

Borassines .1086 

Bonieo.Cajnphor . 790 

Botnnical cicurelons 13^.1236 
Botany, object dehiicd ... 1 

-, de^utments of... 1 

Botbrenchyma. 10, 36 

Bottle-Gourd. 872 

Boucherie’s method of pre¬ 
serving timber.270, 699 

Box-tree. 1018 

Brachyphyllum.1197 

Bract.824, 844 

Bractede... 838 

Bractlet. 333 

Branches. 188 

Branching of trees... 67 

Branchlets or Twigs. 188 

Braasl(»CQS. 756 

Brazil-nuts. 867 

Brazil-wood. 851 

S ad-fruit.1022 

ad-tree. 1048 

xlaces . 824 

Bristles. 67 

Britain, Flora of ...1169 

British plants, disMbution 1167 

BrocoU. 762 

Bntnneliacete.J075 

Brongnlart, Fossil Flora. .*198 

Bh)om. 850 

Broom-rape.252, 968 

““ -la .. 947 

Jacese. 886 

MBoniacets.919 

B^ony.872 

Bryopnylhim .199, 880 

Buck-bean. 949 

Back-eye. 807 

Buckthorn...841 

Buden <x Buchn. 828 

Bnck-whe»t^. 991 

Bud. leaf..180 

—Vfloral. 824 


J»a»w«rwj>4 

BaMteg.191, 678 

Btld^latent..189 

—. on leaves, .t......... 199 

^Ib. iKHsly or naked.1^ 

.Bdild. 196 

, tnnicated ...194 

BtdWis.198 

BalbletB.198 

Bulrush tribe.1092 

Burdo<*.916 

Burgundy-pit^.1048 

Bantl-paba.1086 

BarmazmiacesG.1069 

Bursere®.844 

Burstcula.1058 

Bosh, defined. 68 

Butea.850 

Butomace®.1089 

Butter of Cacao.786 

-of Canara.790 

Butterfly-weed. 943 

Butter-tree of Park.937 

Butter-wort.973 

Byttneriaceie.786 

Cabbage.762 

Cabbage-Palm .1066 

Cabbage-tree.850 

Cable-cane.lt®6 

Cabombacee. 749 

Cacao-beans. 786 

Cawtace®. 882 

—. ——, Region of.... 1166 

Cactus family. 882 

Caducous...866, 886 

Cssalpinie®. 848 

Caffeine.906 


Calabash-tree.951 

Galamltcs.1190 

Calamus .1190 

Calathium.836 

Calcar . 368 

Calcarate.363, 373 

Calceolaria.965 

CalceolariesB, Region of ..1156 

Calceolate.881 

Calicolate.347, 864 

Callnna. 931 

Calophyllura.799 

Calotropis.948 

Calumba. 747 

Caltunbln.747 

Calycanthace®. 856 

Calycerace®.909 

Calyciflor®.390, 835 

Calyptra...1144 

Calyptrate.866 

Ctdyptiimorphous.164 

Calyx.850 

—forms of,.3.58 

——, tube of.302 

-, limb of.862 

-, venation of.359 

Cambium. 81 

-cells.109 

Cambogla Gutta.799 

Camellia . ... 

Camelliaceae, Region of . .1155 

Camera-lucida . 1210 

Cgmpanulace®.922 

Camr«nnlate..380 

Campeachy-wood....851 

Camphor......... 994 


tSieiphor of io^ieo., .TTm 
Cinnptotropid.a*I«....^...# wf 
, Campylo^erma . 

Campyiotfoptd....466. 684 

' Campylotropous.466 

Camwood. 861 

Can ada-Ba^m.1046 

Canada-Rlce...1100* 

Canary-seed.IlOO 

Oandleberry.. ......1036 

Cane-Sugar......994 

Osnella. 810 

Canker.,..'..692 

Cannabis... ..1020 

Cannabinese..1010 

Cannacc®....1063 

Canoe-birch..1036 

Caoutchouc 319.946,1018.1021 

Caper family..763 

Caper-spurge..1017 

Capillaire..*1110 

CapUlaiy.397 

-attraction....... 967 

Capitate.. 58 

Capitulum...336, 348 

Capparidace®.. 763 

Caprlfication.489 

Caprifoliace®...-.900 

Capsicin.931 

Capsicum. 961 

Capsule. 664 

Caraway. 892 

Carbon in pianta.. 212 

Carbon, fixed by light.... 286 
Carbonic acid given off in 

darkness. 287 

decomposed by 

aquatics. 289 

given off by 

flowers.475 

Carboniferous f 088 Ua.....ll 88 

Cardamoms.1062 

Cardoon.913 

Carox.1098 

Carlce®.,.873 

Carina....... 379 

Carlnal. Bfn 

Canoiwls. M2 

Camuhuba palm.1(‘33 

Carnation. 779 

Carob-tree. 8,>l 

Carolina Allspice.. 8'>« 

--—Pink-TOOt.. 947 

Carpathian Balsam.10-16 

Carpel. 430 

CarpoJogy.537 

Carpophore.437, 533, 543 

Carrageen .1130 

Camoh flowers. 943 

CoJrot.890, 892 

Cartilaginous. 688 

Caruncules...682 

Caninculate.. 682 

CaryophyliaceiB...778 

-Region erf 1165 

Caryopliyllaceous corolla 378 

Caryopsis.542 

Cascarilla.1018 

Caselne, Vegetable.. 810 

Cashevk-imt...326, 843 

Cassava.......302,1018 

_ . 861 

Coesla-bark.- - 

CassiaFlstula........*... 881 
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CUKMrftTT-trM.Idw 

CamrAtu . m 

<]aiw-oQ....'. 

CwMnee. 

Meohn. S53 

Cwtin^iaBrazn........ W 

Cfttkte...m 

.CaodAte..Ml 

Caadax.. 65 

CaudJde. 421 

CHUetce&t. 60 

CattUde..590, 693 

CatUIcnlos...690 

Cauttflcnrenh. 7<a 

CAidlnarx. 160 

CaoHne....... 169 

CtolU. 66 

Caalo>ptei^.,..«.1186 

ie-1>^peff. 961 

.1046 

Cedrelacese....611 

CaHttdlne.766 

CelAatraces.837 

.. . — , Begton of.. 1166 

Celery.890 

Cell-germ. 22 

CeU-nacleus... 16 

Cells. 4 

•—^atraorptionoffiuidsby 27 
aggiQtination of.... 13 

% Mwnlar. 11 

oontaiaing air. 21 

—^Mtlcal.. 64 

——deposits In. 15 

-, develoNnent of. 22 

dotted. 11 

epidermal. 46 

——^ Hbroas,... 11 

—ibrms of.. 5 

, fanctiODB of. 27 

nucleated and non- 

nucleated. 22 

porous... 10 

-. spiral. 11 

CeUttlarea.6. UOt, 1118 

CdVolar envelope......... 84 

- . tiasue.... 4 

Cellules... 4 

CelldB»e...2,14 

Centaury.....949 

Ceutriib^....*..832 

Centripetal.. 381 

Cepliielis.004 

Ceramiacese..1126 

Cerasine...803 

Ceratophyllace^e.1023 

^real gr^s, tlietr disse- 

mitcattou.1342 

Cereus..883 

Ceroxylou .1086 

Cetra^.1121 

CettiTin.1121 

Oevaffllia.1080 

Cbailletlacem..1004 

Chalaaa......4G5.5S3 

ChaUc-«MBtl8...1197 

Cbalc-plauts.1189 

Chamdaucieie.866 

COamercm. 

CbaBoomfle.917 

ChaiideUer<.tree.....1991 

Chart.1130 

-, eutHTuate of lime In 22? 

•—-vitiationin.. 876 


Paraifrark 

Cbaraceae.U26 

Chtrtcters of plants.... 711 

—^ tssential.711 

natural.7U 

—»in fha natural system 720 

, suboi'dinadon in value 

of. 721 

ChaRo^ as a manure.... 246 

ChOUdonlum.261, 756 

Chemical composition of 

plants. 208 

Chendpodlacese.986 

Cherry.$55 

Cherry-Laurel.858 

Chervil.890 

Chestnut.1037 

Chian Turpentine........ 643 

Chick-pea. 63 

Chlckweedlhmlly. 778 

Chicory.918 

CbUl-nettle.870 

CbUiies.. 961 

Chinese-grass.1020 

China-bark.903 

Cbiretta or Chlralta.949 

Chive.1078 

Chlsenace®.791 

Chloranthaceffi.1029 

Chloropliylle.19, 816 

Chocolate.786 

Chorization.383 

Christ’s-thom.841 

Cbromatometcr.671 

Chromogen.676 

Chrysoha'aneiB. 864 

Chumis.1020 

Cicatrices..... 104 

Clcatricula. 140 

CtchoraceiB.912, 914 

Cicuta.893 

Cilia.7, 667 

Ciliated.7, 58 

Cinchona.903 

—. — .I—, Region of.. .. .1165' 

— —, stipules of.1W> 

C\ncbone». 902 

Cinehonla. 908 

Cinenchyma. 38 

Cinenchymatous. 261 

Cinnamon. 994 

Girdnate...185 

Circulation In Ezogens.. 2r4 

- .— — — Endogens 266 

Clrcnmscissile.411, 636 

Circumscription of leaf.. 139 

Clrrhus.157, 201 

Cistacese. 767 

Cistoma. 62 

Citron. 796 

Citrus.79C 

Cladenchrma. 6 

Classes, defined.710 

Classification, principles of 704 

Clathraria.3197 

Clavate.68, 896 

Clavr.870 

Clearing-nut.947 

Cleft.146 

ClematideSB. 789 

Cleomeas.763 

Climate, continental .118ft> 

., Insular.1158 

Climate and season, their 

effects.1141 


Clbuiodrium. 

CUoanthium... 

Cfeve-pink. 

Clove-tree. 

Fiarnffravh 

.77» 

..... $W 

Cloves, young bulbs 


Clt^moss family.. 


Club-shaped. 


Cluaiacese... 


Cluster. 


Clustered. 

660 

Coal . 

.....1183 

Coal Epoch, climate df ...Uflil 

Cottloffinmos 


Coca.. 


Coed..... 

.588 

Cocolus. 

..... 747 

Cochineal-Cactus... 


Cocblcaiiform . 


Cockscomb. 


Coco .. 


Coco-nut Palm. 

.ioe« 



Coootnes. 


Coddington lens ... 


Codeia. 


Cceiosperms. 

. Si 

Coffee.. 


Coir-rope. 


Colchlceffi. 


Colchicla. 

.1080 

Colchicum. 


Coleorhiza. 

. J27 

Collateral . 

. m 

Collecting hairs...69. 453, 499 

Collecting of plants 1223. 1238 

CoUenchyma....... 

..... 13 

Collomia. 

.953 

CoUum. 


Colocynth.. 


Coloqulntida. 

.679 

Colours of plants.... 


of epidermis. 

. « 


. of flowera in differ¬ 
ent orders .684, 685 

-, changes In. 683 

— in autumn.675 

-in a garden. 686 

- prevailing in cer¬ 
tain countriea..I150 

Colourlngmatters...329 

Colpenchyma. 

Coltsfoot. 

Columbine ... 

Columella ... 

Culumelliacese 

Columna. colufiin.40Q 

Columnar. 5 

Combretaeese... 
ConAhclynaces 
Commissure.... 

Composites. ... 

-Region of. 

Compound Organa ... 
Compresaortum.. 

Conceptacles.. 

Concostate .144 

Condeaeer ...........«.«1S07 

Conducting Tissue....^.. 439 

Condupilcate.185, WO, Wl 

Cone.....SS4k 5«^9 

Conenchyma... 5 

Couferracese 

Coaia.^ 






































































































































































































im>sx. 


m 


ptr 

Coalcal coTIb .... S 

-root. 134 

.1 44 

CoalomycetcB.113i 

ConiMt^aiDe(C.1<30 

C^tum.. 833 

Conjn^tioa. 492 

Counai'aces...^3 

Connate.133 

CunnectlTa.405, 409 

CoimlTent .359 

ConHnuoitf*'^^;;... 140 

Contorted.124, 854 

Contrarerva .1021 

Conrouarles.1077 

Con'Tohite .185. 356 

CocrolvnIaee£B...«. ..•••• 055 

Cflpaifera. 851 

Copalrg . 851 

Copper In plants. 229 

CoquHla^ant.10;ri8 

CoraJ'flower.85:i 

Cufflilina .1129 

“Ine-root. 126 

am. 592 

5.160, 374 

accro ... 9^7 

Coriander.892 

Coriariaceffi.834 

Cork. 85 

——cells of . 6 

Ovk-oak.1037 

Corky layer of i>ark. 85 

Coi-m.70, 196 

Cormogense.1106 

Comacem : ? ? 

Cornel family.896 

Corolla.SW 

——, forms of. 368 

—irregularity in... . 3B7 

-, Irregular inonope- 

talonsorgamopetaloua. 381 

-, Irregular polypeta- 

lOUS.379 

- . . ..H wgnlar monopeta- 

Iona or garaopetalous ... 380 
—,regularpolypetalt)iis 378 

CoroUifiors .390, 920 

ComUlne hairs. 61 

C(^na, crown.J84, 942 

ales of Brown _ 610 

1 Moss.1 '30 

—Integument.. 92 

Ccaigcal System . 82 

Ci)ryiac«B.1033 

Corjnnb ..383 

Corymbiforse.912, 914 

Cogqmfhes.lou 

Co<S?.. 

Costate, ribbed 

.8. 29, 782 

C^to^ass .1098 

Coli|Moiia..ld8,686. 590, 599 

-.folding of .... 600 

Cowbane. «<« 

Cowberry .^28 

Cowitch or Cowhage.... .^50 

Cow^Unt of Ceylon. 943 

Cowatp. 975 

Cow-cree.1028 

Cow-treectf^Demerara.... 945 

Cow^whe^.,:^. 064 

Cran^rry. 928 ( 

Ciaues>bUl. 816 ! 


, Fttrafrof^t 

[ Crkps-Papet* ..1021 

CrasaolacesB. 880 

Cretnocarp ..........£38, 643 

Crenate.. ,. 146 

0*eacentleas.. 95C 

Cress .. 762 

Crees-vort family. 758 

Crested. ..372 

.150, 874 

CroOaa....1068 

Croton>oU.1017 

Crowberry.lOiS 

Crowfoot family . SdS 

Crown-Imperial.1078 

Crown of the root. 70 

Cracifem.758 

-.BegUmof.1153 

Cruciform or Cruciate cor¬ 
olla .. 878 

Cryptogamic Reproduc¬ 
tion.491 

Cryptogamous plants 323,1104 
•, Region of...1101 

Crystals in cells. 18 

Cnbebin .1032 

Cubobs.1033 

Cuckoo-pint .1093 

Cucumber. 872 

Cucumites.1202 

Cucurbltaceie.871 

Cudbear ..1121 

Culm. 65 

Cultivation, its effects on 

flowers, (fcc.665 

Cumin. 892 

Cuneate. 150 

Cunonle» .8W 

Cupanoides. 1202 

Cuppresslnefe.1045 

Cupula.847 

Cupuhferffi.1033 

Curcuma. 1062 

Curled. 160 

Currant.884 

CuiTant of Australia.929 

Curvembryaa.960 

Cuscuteffi. 9.55 

Cuspidate. 372 

Cuspls. 372 

Custard-apple.745 

Cutcb, same as Catechu- 

Cuticle . 46 

Cuticle of Petals___369 

Cyanic series of colours .. 679 

CycadacefB . 1047 

-fossil.1197 

Cycadltes.1197 

Cyclamen. 975 

Cyclantheffi.,,...1090 

Cycle . 171 

Cyciogena . 77 

Cyelosis. 261 , 262 

Cyllndrencbyma. 6 


Cyme ... 
Cymoee . 


Cyifo... r » 

Cytaiaeess ....-.lOlf 

Cytoblaat... ^ 

C^blutema. II 

CytogenesU .S3, Si 

Dsdoxylon.1184, U96 

Bflsdalendiyina. S 

Daffodil.......1071,1073 

Dahlia. 4^ 

Dammara.1046 

Damnes...1109 

Daodelion ..918 

Daphne ...1003 

Dasihnes.. .1001 

Damel-gTass .............IIOI 

Date-palm ....:.r..<i;...101i9> 

Date-plum ..9:*8 

Datiscacess. 1012 

Datura.|61 

Day-lily . Iq78 

Deadly-olght^iade.961 

De CaudoUe's System.... 728 

Decandrous.394 

Deciduous....366 386 

-Tiees . 205 

Declinate . 420 

Decompound. 162 

Decurrent . 163 

Decussate . 169 

Deduplication.^.38^ 654 

Detiuite IiiHorescencc.... 338 

—- Ovules.472 

—> vascular bundles 91 
Degeneration of Organs.. 651 

Dehiscence.410.530 533 

Dehiscent fruits. .580,582,546 

Delphinium. 740 

Dentate. 146 

Deodar.1046 

Deposits in cells. 15 

DesmidieiB.1128 

Dcsmodlum. Movements of 663 

Dextrin... 302 

Dhak-tree .850 

Diachsenimn ..M3 

Diachyma .137 

Diadeiphous. 399 

litalycarposu.538 

Diandrous ..394 

Dlapensieee.;. 954 

Diastase .307.310,621 

Diataxis. 7<»4 

Diatomacess.1128 

Dlchlaroydeous. 351 

Dichotomous.99,338 

Diclinous. 388. f48 

Dicotyledones.786 

Dloolyledonous.71, il^i 

Dictyogense .101,1048 

Dldymocarpee ..96o 

Didynamims.419 


Cyptraccffi . 


Cyrtandreae. 


.... 5 

Digger. 

.... 38) 



.... 965 



.... 965 

912, 914 

Dictate ... 

.... 148 



.... 883 



.... 892 






....1302 

....U22 

Dimerous... 

.... 643 
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IKX>£X. 


.....mi 

Dtesnle ..mi 

Dtocioas.«..369.64S. 719 

UioBaBa.♦...fiW.m 

DiQlcorea;6e».«.1051 

Dioaaeie.997 

Otpettiona. 979 

Dal«oQlobee.759 

I>lltoe.187 

IMplostemonous.899 

DlfMcaces. 906 

Z7btteT0C«rp»ce» ....... 799 

.1058 

.943 

Dtodfbrm .. 75 

Discoid..75, 911 

DiscostatO ..144 

»iK8. 80 

msoases of plants.689 

- preTcntlcm of.... 699 

f- ' ‘ u - ■ caused by fiinRl. 693 
• - ■ caused toy msects 700 

Disto. 428 

Dissected...148 

Dissection of plants.1220 

Olsaeminatlon of plants.. .1142 

agents employed..1142 

Disseptaieut. 

-spurioxis..... 447 

DIssDlent. . . 533 

UbUchous . 170 

Dlstractlle . 409 

Dlstrtbotion of plants over 

the globe ....,...1146 

-endemic.1143 

DIthecal .405 

JJittany..828 

Divergent . 359 

Dlvi-dlvi.851 

Divisions of Vegetable 

Kingdom.723 

Dodder .252, 956 

Dodecahedral. 5 

DodecandrouH . 394 

llogbane family. 944 

l>og-tftoth Violet.1078 

Qolabriforra . 150 

Doom-palm.. .99, 1084 

t>or8al-Batars.,...i..i.... 438 
Donrtferotis tEsms .*..1108 

Uorstenia ..loil 

Dotted cells . 11 

— — vess< Is35 

•double copv-nut.1086 

Doublet .1205 

Dracaena .991,1078 

i >ragon*»-blood ..1086 

Drawing.616 

Drifted plants ..1192 

J>rtBiy8 .. 743 

Ui'Meracese...770 

Drupacem ..854 

Drape. 545 

■irdpcls.545 

Drying plants.1227 

Diy-rot .697, me 

Dackareed .1101 

Du^ closed.. M 

Dulcamara... 9{>1 

DuiBc ..1130 

Dnmb-cane ........... ..1101 

Dmnose . 68 

Dumus. 68 

DurabiiUy of beartwood., 76 


Dmumen...... 78 

Durian.. 764 

Durmast..1037 

Dnrra . 198 

DaSt>brand.694 

Dutch lieed.226 

Dutch Boshes...1107 

Owale ..on 

Sagle-wood.1003 

Earcockles. 700 

EaTth<4iat, or Pig-nut.... 690 

Ebenacess ..933 

Ebony.78.850, 938 

Ebracteated.345 

Egg-apple . 961 

Ehretiess.958 

Eisagnaceffi . 999 

Eiseucarpcie. 787 

Elssodendreffi.837 

Elat'^rimn .872 

bursting of cap- 

sale Of. 27 

Elatero.1116 

Elatlnaceas.777 

Elder.901 

Elecampane .. 917 

Electricity in germination 614 

Eleml .845 

Slephant's-foot.1052 

inilpaolthd .. 5 

EiUptical.150 

Elm.1020 

Emarglnate.150, 372 

Embryo, acotyledonous . 591 
-, development of. 502 
dicotyledonous.. 597 
—, direction of its 
partsdiu’Inggermlnation 624 
■ ■ — , formation of.... 586 

—, growth of. 622 

—, monocotyledon- 

ous.595 

-, parts of 590, 502, 603 

' ■ polycotyiedonous598 

-, position In the 

seed 

-, pseudo-monoco- 
tylcdonous . 

fixed.181 

Embryo-buds......196 

Embryo-sac. 463 

Embryology. 501 

Embryonic vesicle. 507 

Embryotega.583 

Emetin.769, 904 

Empetracese.1014 

Emulsine.310, 855 

Endemic distribution of 

plants.1145 

Endive ...918 

Endllcher’s System.730 

Endocarp.524 

Endochrome.493 

Endogenae.1049 

Endogenltes . ...1107 

Endogenons, ormonocoty- 
ledonous stem 71,91,04,107 

-, anomalous.... 101 

—-, branching.... 99 

-, subterranean.. 100 

EmiophliEtua.....82, 83 

Enflopleora......678, 580 

Eadorhissl.127, 628 


Paroffraph 

Endosmometcr. 254 

Endosmose.47, 254, 255 

Endosperm............... 587 

E&dki^rmio............ 557 

Endestome.............. 464 

Exldotbeciaai . 402 

Euneandrous .. 

Enaobting ftult^rees.... 674 

Ensiform... 

Entangled 5 

Entire.,*4^.146 

Entophytic...696 

Envelopes of the Sower.. 351 

Eocene.1180 

Epacridacese.882, 

--,Kegion of....1155 

Epiblema.47, 120 

EplcaJyz.364 

Epicaip.524 

Epichiiinm. . .1058 

Epidermis. 45 

-, appendages of 67 

•-, cells of....... 48 

-, colour of.... 

functions of. __ 
-, papillffi of.. 9t 
silica in.... 

—, texture of.. 49 

wax on .... 49 

Eplgcal 

Epigynous...390, 449 

Epipetalous.390 

Epiphlceum...82, 85 

Epipbragm.1114 

Epiphytes.121. 251, U39 

Eplpolic ...281 

Epirrbeology.1132,1134 

Episperm.57^ 579 

Epithelial.463 

Epithelium.43 1 

Equal.146 

Equisctaccse.1106 

Equjsetam, fossil.1197 

— --, silica in. 226 

Equltant. a. .. 186 

Elect. 4 8 

, ovule... 471 

Ergot.696.U03,1126 

Erlcuce®. OSO 

Erlocaulon ..1095 

Krlogoness.... 

Erythrophylle. 

Eiy^roxyjaccjB. 

Escalloniese.. 

-, Region of.... 1155 

Eschscholtzia.....866, 756 

Essences. 317 

Essential organs of 

flower. wl* 

Eterlo. 545 

EUolation.300 

Eucalypti, Region of.../..||55 

Eucalyptus. 

Ettonymcffi... fSOi 

Euonymus ..838 

Eu^orbiacese..... ..1014 

Eapnoitoinm....1016 

EveningPrimrote...*,..., 8i'8 
Evwgreen Oajt......... .1037 

ExalBumlnouSj*^. 

ExannulateF«l»Z|^,,«t.. Jl^Jf 
Excentrtc gg 

Exhalation ...IT;.... ao3 
Exinnhe.422 
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ipA 

Exoficense... 

Exogennu* item. 71 

Exo«onlam.^ 

Exorfakai.,...136, 

ExosmoN. ^ 

Exostemma ..308 

£:tnstome. 464^ 

Kxotlieckim. 

ExpaiuflOB of fkjwars.... ^ 

-, oeaWftigU .... *a 

-, ... 881 

Ex«rted ..417 

Exstipulftte. 

ExUne. 433 

Extia'sxlllary ..196 

Extrarlas...609 

ExtTorse.413 

Eye-bright... 9«5 

Eye-piece.1207 

Eyesofpctato .. 70 

Fabaco©. 847 

Fairy UlngB.1135 

Fail of the leaf .206 

Fi^M’bavk .. 92 

——Trachea.. 35 

Falaely-dlscoid ..911 

-radiate.911 

Fou Palm Is Corypho. 

Farinaceous.. 

Fascialed..197. 327 

Fascicle.839 

Fascicled...650 

Fasciculate .176 

Fasciculated.114,125 

Fasciculation of branches. 190 

Faux.877 

Feather-grass is Stipa pen- 
uata 

Feather-veined.144 

Featheiy.3(;6 

Fecundation .496 

Fenestrate.138, 665 

Fennel .8D0, 892 

Fenugrefik, a species of 

Tilgonella. 

Ferns.1108 

-. fossil .1186 

—, during coal epoch ..1191 
—TT. how to prepare .... 1223 

FoAHe fiowets .649 

Fopttzatlon .490 

Fe^e-grass...198 

Feverfew.....917 

Fibre In cells. U 

-, in spiral vessels .... 84 

-, woody. 29 

fiUrioe, vegetable . 310 

FitM’Ottseeils. 11 

-root.125 

Fibro-celiularTissue .... ii 
FUs^vascular Tissue .... 81 

Fic0id«B. 881 

Ficus.. 

-, Region of....1162 

Fieid-booi...1234 

gje ..loa 

Fig-wort.. 966 

Filament..,..S95 

——, adfaeto of.399 

tented atructure 898 
Filbert^ see teeL 

F!lloe4\.1108 

Filiform.thread-like .... 453 


Fimbriated..T 

Firs .1046 

Flnlparous.498 

Fi^ar . 164 

Flabdlaria.......1190 

Flacourtiaoefi).. 766 

FUgelhun .19i 

Flax.29,8t8 

—Kew Zealand ...... 29 

-Pita. 59 

Fleshy .. 688 

FloTalaxes ...835,327 

Floral calendar.. 481 

clock or watch .... 488 

Floral Envelopes .861 

, development of 886 

-, fonettons of.. 478 

Floral leaf.824, 344 

Florets.882 

Florldeffl.1128 

Flosculous. 911 

Flower. 8''0 

—.position of its parts 857 

Flower^^uds.824, 864 

Flowering, period of .... 478 
mode of accelerat¬ 
ing . 479 

Flowering-ash .941 

Flowering plants ........ 823 

Flowerln g-rush.1089 

Flowerless plants.... 3v3 

Fluids of plants, special 

movements of. 276 

Foliaceous. 869 

Follola.146,161, 858 

Follicle. 547 

Fool'sParriey.. 893 

Foramen.464 

Forked...406 

Fossil Botany .1174 

-, plants.1174 

—tbeir structure ... .1175 
—state of preservation 1176 
—, arrangomontofll76,1177 
-their number.1181 

— of Carboniferous 

system.1180 

— of Secondary 8tratall97 

— of Tertiary strata.. .l^'Ol 

Fossiliferous strata.1179 

Forbes Maiine al^.1166 

Forbidden-fhilt..*796 

Forgel^me-not.9.59 

FovUla. 423 

■ , its use.604 

Foxglove...965 

Francoe®. 880 

Frankeniacese....776 

Frankincense .1046 

Fraxlneas.940 

French Berries ..841 

Friar's-balsam ..933 

Fringed. 372 

Fritlllary. ..1078 

Frogbit Family.U067 

Frond......1108 

Fruit...620 

. changes during Its 

formation.,.622 

-, pkrtv Which form it 

520, 627 

maturation of.561 

i bow accelerated.... 568 
Fruits, analysis of.566 


SVutt*, arraageiBent 

—7—,presmed ......,.7580 

Fwiex, shrub 
Fruticose. . ... 

Fucace©.11^ 

Fw^sla.. 868 

FuHer’s Teazol. 968 

Fomarlace©.... tfit 

Fumitoiy femlly.767 

-n edible.U« 

—, how to jHrepare .,. 

—in cutaneous disease 

-, on cateiplUars .1128 

—, phosphorescent......1125 

—, poisonous.1124 

Fungus melitensis.. .1108 

Funiculus.4^ 

Foidfonu.5,29, ^4 

Fustic, moms ttnctorla... .lOSl 

Galacic©.. 

Galactodendron.1033 

Galangale...1063 

Galanthos, Snow-drop... 1072 

Galbanum. 891 

GaibAilus.659 

Gale.1086 

Galeate.881 

Galie©. 96S 

Gaiipea.828 

Galls .701, 1067 

Gama-graas.1100 

Gamoss or bquamaah ... .1073 

Gambeer.005 

Gamboge.790 

Gamogasttous .46.> 

Gamopetalous.376, 830 

GamophyUous.. 358 

Gamosepalous.858 

Gangrene. 692 

Garlic.1078 

Garryace©.1040 

Gases, their effects.. 292 

——, irritant.2i>3 

, narcotic.293 

Gasteromyeetee.112d 

GasterothaluDeft..1120 

Geissolomem............. 10 '0 

Gemmation... 1^4 

Gemraule.590, 696 

Geiieia, deflned.708 

Geniculate. 397 

Genthinace©.948 

Gentian.949 

Geo- Botany.«... .1174 

Geoffrova.. 850 

Geography of plants.3181 

— Inffaence of external 

agents on.1182 

__of tonQperatai'e..ll35 

. of moisture.1188^ 

Geranlace©.815 

G^nuiu .429 

Gormlnal vesicle. WO 

♦ iermlnuiton. 

Guimination, acotyledon- 
008. 

__, chemical changes 

during. 621 

__, dicotyledonoua..... €29 

I ... , length of time re- 
goiredfor ... 632 







































































































































































TtlDtX. 


m 


i'aragrttfh 

.Oenntn^on, tnortjcoty- 

^ledoDotu.. ^ 

progre« of. 

■ —-p*. reqaiiUtes&r..*.. 0OB 
Oeraeraow..*.,,...*.^... 93^ 

Gibbow ..871 

Oimetiaoes. wm 

Glll«...1122 

Ginger.1082 

Gln|o... 

Glnacng... 888 

^abroos. 60 

Glands.;. 62 

—, ienticQlor.... 68 

—, nectarifcroQS. 63 

——, sesalle. 62 

—- ■ —, stalked. 62 

- ■• — , vesicular. 6S 

Gbffidular hairs.61, 62 

GOandular woody tissue... BO 

Wans. M4 

G](d>o-amaraath.085 

Globule, to Chant.427 

Glochidiate. 58 

Olomemlos .836 

Glossology ..704 

Glucose .. 807 

GlQjnaces.1066 

Glomell*.1069 

Qiumellule.1069 

Glumes.349 

Gluten.810 

Glytgrrhlia.850 

Gustos.1045 

Goldftiasta. 671 

Gongyll ..1116 

Gonf^. 1119 

Gootteuiaccifi. 620 

Goweberry.884 

Gossypluni.782 

Gourd. 672 

Graft.506 

Grafting. 509 

——. views of Knlfflit 


regarding.571 

—■■■I ... ,diffeiontkind3of 

572, 573 

..it! effects.574 

Grains, cereal.....*.1100 

Grains of Paradise..1062 

Gram hies?...1069 

Grtpe-sugar,....307, 814 

Grasses.1069 

.IP..., li;^on of...1101 

— —— for Pasture. 198 

-, ftttnlar stem of.... 69 

Grass of iPamassus.771 

Grass-tree..... 1078 

Green colour, effects of 

iil^on.672 

Green colouring matter of 

plants... 16 

Greenhearted-tree.994 

Green anow.....1129 

GuidesOariatans.... 569 

Gi«nadiUs...876 

Grevlllea......^......... 698 

Qrossularlaceie.884 

Ground-nut.......850 

Gtuteo. 817 

Quidacum. 826 

Guano. 24S 

——^ analysts of different 

jiAd. . iu 


GttMlo. BrltWh. 



807 

Guava.. 

...... 867 

Guelder Bose. 

j..... 801 

Guernsey Lily, is Nerine > 

samiensis. 



.T129 

Gum. 

.308 

Gam-Amhlc. 

852 

Gum-Dragon. 


.Gazn4se .. 


Gum-tree of Kew Holland 867 

Gunjah.... 


Gntta pereba . 

..819,937 

Guttlfene. 


Oymnogens. 


GymnosiiermsB ..... 


Gymnospemious .. 


Gyranowerms, Keign of..ll94 

Gynandrous. 


Gymzus... 

,.483,458 

Gynobase. 


Gynoecium. 


Gynophore. 

.437 

Gynostoglutn 


Gynostemium 


Gyrate.. .... 

. 840 

Gyration. ,... 


Gyrocarpese . 


Gyrogomtes . 

.1202 

Habitat. 

.713 

Hsmatozylon. 

.851 

Hiemodoracefo .... 

.1070 

Hairs. 

. 67 

—> circulation in 

. 64 

-.collecting .... 

....59,64 

-, ooroUlne. 

. 61 

—— of cotton .... 


-of cowitch.... 


-, fuiK'tmnt. of .. 


-, glaiKlular .... 


——,liri table. 

. 68 

—, initont. 


—lymphatic.... 

. 61 

——, petal me. 


-, radical. 

. 61 

—ramentaceous 

. 57 

—.retractile .... 

. 59 

Hairy. 


Halbert-shaped .... 


HnTf-oqultant .. 

. 186 

Halophytes . 

.. 228, 987 

Holorageacese. 

.869 

HamaroelKlocote .. 


Hand-plant........ 


Hare-bell family .. 

.922 

Hare’s foot fern .... 

.1110 

Haschisch .. 


Hastate ... 

.. 150, 374 

Hazel. 


Heart-shaped ...... 

...150, 374 

Heait’s-ease . 


Heart-wood. 


Heat during flowering ... 475 

Heath . 



. 927 

Hebradendrou .... 


Hedge-hvasop ..... 


Helicoidal ........ 


Bellcterese. 

.783 

Heliotrope . 


Hollotropleffl. 

. 958 

Hellebm^ w'bHe .. 







Heiwlngiaces ..... 
H^ero<mimeS3... 
Bemicarp ......... 




Hemp. 


. —, ln<u»u IDJO 

Henbane . 9i>l 

H enft^y on Cyrogonesls.. 28 

Henna ..858 

Henslow's compamdre 


view of different natural 

systems ..734 

Hepaticae.Ili6 

Beptandrous.S64 

Herbaceous,....856 

Herbarium. 1226 

. —■ paper for . 12W 

Herbs, denned . 68 

Hermaphrodite .888, 713 

HemandictB .1601 

Hesperidium.* 852 

Heterocephalons.911,914 

Heterochromous . 610 

Heterodromoua.. 173 

Heterogamous.911,914 

Heteroihlzal.128, 629 

Heterotropal.464 

Hexagonal. 5 

Hexagomenebyma .5 

Hezaudrous . 894 

Hiatus.881 

Hlbernncula . <82 

Hlbiecece.781 

Hickory-nut .10o9 

Hightea .1202 

Hllum .4C2.58:i 

Hippocrateaceffi.801 

Hirsute... «‘0 

Hirtns. 60 

Hispid ... 

Histology.1204 

Hog-pluni .84J 

Holly . 9-!5 

Hollyhock .7b2 

Homaliaccffi .1606 

Homochromous.Pi8 

Homodromous .*<4^8 

Homogamous.. 

Homotropal.6u3 

Honeysuckle. 601 

Hooked. 58 

Hop .JOJO 

Horehound. 6i'7 

Hornbeam . 

Homwort family .iO^ 

Horse-chestnut..807 

Horse-radish.,762 

Horse-radish tree ..... -iv 85;i 


Horse-tail family 
Hottentot's fig ...... 

Houseleek .......... 

Hoya...*. 

Huanuco-bark 
Hmuulus.. - 
Humus ... 
HungarlaB. 

Hura.... 


.1106 
. 8Hl 
. 080 
. 841 
. 903 
.1020 




Hya-hya_,. 

Hyacinth.-. 

Hyaline of Barry ......16,22 


































































































































































































lamx. 


HrtfldlJstlon.as , 

Unlutlon Ai spe< 

Hybrid!, production of .,.316 
HydnsiM^ 

Hydroaiu1ditG«a. ;%0SJ 

Hydrogen in plKHts..*... 314 
III Bonrcesof 0.0.4« S14 
BydropbylUoecB .... 
E}’TDenltini .tl32 

Hynenmuyoetes .11*28 

fiyiQenopbyHes ....1109 

[ymenothilajnejB ......1130 

Hyoecyanifa ....»n 

Ryos^runcu. $01 

Uypaathodlam.886 

Uypericacesd. 797 

HypboinyceteB.1128 

Hypoesnvigean.607 

Hypochilium...1058 

Bypocnterlforro .8B0 

Hypogeel . 629 

Hypogynous. 390 

Bypozidacefle.1074 

-Hypeometrlcal.1187 

HyaWp. 967 

Hyaeopctfthe Bible.764 

IcelMid Moss.1131 

Ice plant. 881 

IdJothalameiB.1130 

Iflmatia.947 

lllcineid .034 

niecebreie ..879 

lUicimn . 743 

Imbricated .1^ 855 

Imbricated vernation .... 186 

Imparl’pinnate .153 

Impregnation, various views 

of .503 

—, summary of opinions 

regwcUng.51.5 

Inarching .678 

Included.. 

Incumbent. 60i 

Indefinite, 00, «>.472.718 

Indefinite inflorescejfre .. 338 
—■ vascular bundles 77 

InaebJscent fruits_680.660 

Indian Cress. 823 

Indlan-Figfamlly.882 

udlan Hemp.103^ 

.Brtian-Rubber, see Caout- 
cbcme. 

Indian Shot .1064 

Indian Tobacco. 924 

. 8S0 

IndupHcate.186,354 

Indnalam.1108 

Inebcbyma. H 

Inferior, applied to parts 

ofthefiower. 857 

Inflated.. 867 

Inflorescence or anthotwlii 834 

——iCompouod.883 

—»determinate, defi¬ 
nite, or terminal . 833 

--, ^determinate, In¬ 
definite. or axillary .88L 883 
mlx^ .,7 841 

Innovations young ahocii 
in moiaea.,.1U4 


. • A . > 

inorganic cooni^teDii 

pi&ts. Si\ 

. , mode Of ascertain¬ 
ing their amoiint . 22 f: 

Zaojganic Elements. 20 $ 

> tabular 

view of.32] 

Inorganic matteca. li» 

absorbed’... 280 

Insects Causing disease.70C 
Integument, general;;.... 45 
Intercellular passages or 

canals. 13 

——-spaces...... IS 

InterfbUar...166 

Intemodes...67, 169 

Interpetl »lary ..160 

Intornptedly pinnate.... W 8 

Intextine.422 

Inline...422 

IntrarluS. 602 

Intrurse.413 

Inuline’.302, 917 

Inverted ovule ........ . 471 

Involncel.. .347 

Involucre, general. 347 

. — partial .847 

Involute ..2 . ..... 1m5 

Iodine III plants.228 

-, action on proto¬ 
plasm . 14 

-on cell-walls 2,14 

-on starch..— 17 

Ipecacuanba... 9(4 

Irldaceae .. ..lb (;7 

Irish Moss. 1130 

InitablUty. 666 

Irritable hairs.. 68 

Irritant hairs. 68 

Ironinplanta . 229 

IroD-wood .. 9 ,^ 

Isochelmonal.1136 

Isoctes.1132 

isomeric .. 809 

Isotheral.1136 

Isothermal.1136 

Isostemonons. 392 

Ivory Palm.1086 

Ivy.895 

Jack Fruit.1022 

Jagory. 1086 

Jalap . 956 

Jamaica Pepper. 807 

Janlpha.. 

JawninacesB. 939 

Jasmine . 939 

Jatropba..,... 1017 

Jemsalemartichoke...... 917 

Jessamine..... 939 

Jesuit’s bark.803 

Jesuit’s drops.0^ 

Jew’s-maHow. 788 

Job’s-tears.. .*. .1003 

JonquiUe.....1073 

JuglandacesB.1038 

Jujube. 841 

Juncace®.1084 

JonCagi^'C®.1088 

Jaiuj^nnaanle»„.1117 

Juniper .......1046 

Jnisisu*B system.727 

iUiuiDba, see Coiomba. 1 


Sfiflgarootjjntei-• 

Kaai-loHbm..****.1044 

KeeT... S?9 

jetr-fl*.$8J 

Kidney-sbiped, ne IW- 
fortn. 

Kiuo-...*.. 100 

£irBChenwa)9Ser... 855 

l^ee-Iointed, see Geniculate. 
<8^ota ot excrescences on 

stems...196 

-bowformed.. 200 

Knot-wort family. 879 

Koochlft..... 947 

Kramerla. 772 

Labellum, Up...$79 

^biu . $81 

Labiat® ......^66 

-, Region of.,.1155 

Labiate.*.$62,'l8l 

LalilatifiofSb.913,'914 

Laburnum...850 

Lace-bark. 88,1002 

Laclni®...863 

Laeiniated ..141,272 

Lacistemace® ..1028 

Laernns. same as Litnrn 

Lacquer.848 

Lactucariozn.918 

Lacun®.12,188 

Ladanum Or Labdanum.. 767 

LagerstruiuieffiT.857 

Lambh-LetKice...$07 

Lamell®...457 

Lurnell*. orgill8.TT.1122 

Lamiace®... . 96o 

Lamma..383 

Laminar meriting.. 139 

Lamouroux marine (ilg» 1164 

Lanceolate ..160 

Lancewood. 745 

Langsat ..810 

Lan-hoa. 941 

Larch...1046 

irl^spur is ^ elphinium... 789 

Lastree ..1110 

Lateral.. ..$57.451 

■ atex. .3^ 41 

ithrasa ..963 

LaticiferOta vtescls.... 38, 261 

Latisept® ..760 

Laurace®.993 

——, Region(^......1162 

imel.. 994 

Laurocerasus.8.5.5 

Lavender.. 967 

Laver.1380 

Layering. 191 

Ixiaf-buds. 180 

■ I-..——, adventitious or 

abnormal.196 

I- . , aerial .193 

■ -, axillary..187 

extra-axillary.l 396 

naked. 183 

terminal ...... 1^7 

’je&t epidermis of..386 

wcafiets, see Foliola. 

Jeaf-stolks. 155 

atber-wood.loini 

^ves... io3 

, anatomy of. 137 
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QIDEiC. 


Fanift0pi^ 

LMTes, asomslons forma of 163 

. , arrangement on tbe 

stem. 169 

-, canline.168 

-, compound.15 i 

deciduous. 140 

——Avergence of .... 171 

-r~, effects on the air.. 284 

. evergreen. 140 

-, fiOlof. 206 

■ , fistnlar ..IW 

-. floral.168, m 

. .forms of. 14A 

•-. flmctlons of ..208 

- i.^inacotyledons.... 167 
I I tn monocoty^ledcms 166 

-. in dicotyledons... 165 

-, influence on the 

circulation .... 97i 

——, primordial.168 

radical. 168 

——, ramal.168 

seminal..168 

. . , simple. 145 

- ■.skeleton. 185 

-.spiral arrangement 170 

, submerged .188 

-. useful In forming 

wood.117 

Lecots'opai .466 

Leeythide®. 866 

Leechee, sec Lltdii. 

Leefe.1078 

Legume . 648 

Legnmine .310 

Legnminoar..847 

-» geographical 

dtstiibutlon of. 843 

Lemon. 790 

Lfemon-grass. 1102 

Lenses.. ..1J06 

Lontibulanacem .972 

Lenticels... 63 

Z^wticnlar glands. 63 

. Leopard's bane ...01/ 

I^pidocar)in8e .108o 

Lepldodondron.1187 

Lepldopbyllum.1187 

l.eptospermes . 866 

Lepldostrobos.1187 

I.epidote, scaly.. 57 

Lepis, a scale.. 57 

Lctter«wood . 1022 

Lettuce.018 

Lianas, or Lianes. «11b 

Liber. W 

Lichones.1119 

Lichenin.892, 1121 

Lichens.1110 

.bow to prepare—1228 

.1 .1 fiogion of.1162 

Idd, see Operculum. 

Life of plants, Its duration 638 
Light, as aflectlng plants 1140 
tffects on flowers — 486 
, effects on respiration 284 
effect ofdifferentrays2^ 
effects of different rays 
OB ctflour of plants 67^678 

LignsJoes .i008 

Ligneotti tissue. 29 

Lignlne.15,306 

Lignnm-Titeo, same as 
Gualacom. 


ligolate..... 

Llgole .. 161 

Llguliflorm. 913 

LiSic.. . 941 

LUiace© ...1077 

Ltlium.1078 

LQy of the Valley tribe ..1077 

limb of leaf...239 

-petal. 870 

Lime-fimit. 796 

time in plants.227 

in soils . 287 

'^—.phosphate as a 

mannro.246 

Lime-tree flunlly.787 

Linace©.817 

Llnaria.965 

Linden-tree. 788 

Lindley’s system. 731 

Linear.150» 374 

Linen . 29 

Ling ... 927 

Linnsa .901 

Luinecan system. 715 

--, its imper¬ 
fections.718 

Linseed.818 

Lip.*.379 

Liquldarabar.1036 

Liquorice...850 

Lirell©...1119 

Litclil fruit. 807 

Litmus.1121 

Lizard’s-tail family ......1030 

Loasace©. 870 

Lobed.148 

Lobeliace©. 923 

Localities or stations of 

plants.1139 

Loculamenta .. 440 

Loculicidal. M2 

Locusr-tree.850, 851 

Locusta...3.14 

Lodlcul©.1099 

Loganlace© . 946 

Logwood. 851 

Lomentace©. 760 

Loroentaceous. 548 

Lomentum.548 

Longan fruit.807 

Lonicere©. 900 

Loosestrife. 858 

Loquat. 855 

Loranthace©.^ 

Lorica, same as iesta. 

Lotus . 841 

Lotus of Egypt. 753 

Love-apple. 961 

Love-Ues-bleedlng. 985 

Lncem.860 

Lninlnosity of plants. 669 

Lupulin.1020 

Lychnophora. 917 

Lycopode . 1113 

Lycopodiaco©.1112 

Lycopodites.1187 

Lyginodendron.1100 

Lymphatic hairs. 61 

Lyrate. 147 

Lythrace© ..857 

Macahnbapalm .1066 

Mace ..681, 996 

Macropodous. 595 


K.ader . f’rrS 

Madhuca tree....937 

Madia.917 

Hagnoliace©. 742 

MaraoUas, Region of.... 1155 

Mahogany . 812 

Maiden-hair fern, is Adi- 

antiftn.1110 

MaUe .1100 

Malesberbies. 875 

Male-slileld fern.1110 

Malicorlum. 550 

Mallow fa’taUy. 781 

Malombo bark. 832 

Malpighiace©. 808 

Malvace©. 781 

Mammeo Apple.....799 

Manchineel.1016 

Mandragora. 961 

Mandrake . 961 

Manganese In plants. 229 

Mangifera. 843 

Mango.843 

Mangold-wnrzel.. 967 

Mangosteeu . 799 

Mangrove. 860 

Hantnot.1018 

Manioc. 1018 

Manna.867, 941, 1014 

-■ of Mount Sinai.... 776 

Manna-Ash. 941 

Manna-Sugar.306 

blannite .oOO, 941 

Mantellia.1187 

Manni'es, active Ingredients 

of. 243 

ammonlacal.... 243 
application of . 240 
comparative value 
of. 242 

experiments with 249 

liquid.24b 

natural.241 

, simple.241, 24(» 

Manuring with green crops 247 

-aea weeds 247 

Maple. 805 

Maple-sugar. 80<> 

Marantace©.1063 

Maraschino . 855 

Mareescent...367 

MaregToaviace®.800 

Marchantie® .1117 

Mare’s-tail family.869 

Marginal placenta.438 

Marinate calyx. 364 

Marine plants.1139 

Marine vegetation, zones « 

of......77..UC3 

Maritime plants. 

Maijoram . 967 

Marking nut.843 

Marmalade fruit. 937 

Mtnuh-Mallow ..782 

Marsh-TrefoU. WO 

MarsUeace©.. UH 

Marvel of Peru .. 983 

Masked, sec Personate. 

Mastic... .... 848 

Mat4.985 

Mattco or . .10^ 

Maturation offlclBfc'.. 

■ , changes during Its 
progress. 
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Para^ajfh 

Hflttnlla.fi7.0ft 

May-Apple. 7«) 

Meadow plants ...1139 

Meadow-saffron .lOSn 

Mealy .588 

MeconicAcid.786 

Medlck. 650 

Medlar .855 

-of Surinam ....... 037 

Medullary Bays or Platea 89 

-, position of. 72 

■. nmctions of.109 

Medullary 8heath.. 76 

-, its functions. 109 

MeioBtemonoBS, see Mio- 
steinonons. 

Mololenca. 867 

MelanthocctD.1079 

Melastoraace® .863 

-, Region of ..1156 

Melegueta pepper.1062 

Mcliaceee.609 

MeHlot.850 

Melloca . 8T8 

Melon .872 

Mcmec>k‘a5 .863 

Meniscus.1205 

Menispermaceae . 746 

Mentha . 967 

Menytuithca. 948 

Merenchyma.. 6 

Mericarp.648 

Merlsmatic. 493 

Merlthai. 169 

-.laminar.189 

-. potlolary. 189 

-, tigcllary.189 

-, vaginal. 189 

Meiithalli . 689 

Mesembryacess. 881 

MeBembryantiiema, Region 

of.1165 

Meserabryantbemnm .... 881 

Mesocarp.524 

MeanchiUnm .1058 

Mesophloeum.82, 84 

MesophyUum. 187 

Mesosperm.678 

Metamorphosis. 641 

Meteoric flowers.484 

Mezereon .1002 

Mksromoter.1209 

Mieropyle...464,683 

Microscope.J206 

— ■ —, compound....1207 

-, timple .1206 

-- —*. focM ttiljust- 

ment of.1219 

Microscope-makers . 12 ^ 

Microscope, works on.I2S2 

Microscopes, how to use...1216 
Microscopic apparatus ...1210 
Microscopic objects, pre¬ 
servation of.1221 

Microscopic preparations 1220 
Microscopic re-agents ...1216 

Midnb . 341 

Micnoneite fao^y. 766 

Mildew ..696 

MUk-tree ...946 

Milk-vessdB^ji^.^. 88 , 

Milk-wort fafltiQr. 772 i 

Millet. 11001 

Mimospse .S48 


MWiUte.. 

Mlmnlus...965 

Mint.967 

Miocene .1180 

Mlostemonons .892 

Mistleto .262, 899 

Mitiltorm.UU 

Modecceee.878 

klohlos’Cirtogenesis..... 22 
Moisture, as affecting the 
distribution of plants ..1138 

MolInglnesB. 778 

MOTQOTdlCB.872 

Monadelphons .. 899 

Monandrous. 894 

Monombryony. 686 

Monlllform. 898 

-hairs. 67 

-- vessels. 87 

-roots.125 

Monimiacese .W6 

Monkey-bread. 784 

Monkey-pot. 867 

Monkshood. 740 

Monk’s Rhnbarb.991 

Monocarplc... 634 

Monochlamydese.980 

Monochlamydeous.351 

MonocUnous. 648 

Monocotyledonous... 690,1047 
Monocotyledonons stem 71, 91 

Mono-Ciyptogamre.1104 

Moncecions ..389, 648, 718, 911 

Monogamia.717 

Monomic.1161 

Monopetalons... .376, 880 , .S 81 

MonophvHous.868 

Monosepalous.358 

Mouothecal. 405 

Monotropcffi 

Monetroaliies, causes of.. 646 

Moon-seed family.746 

Jwra wood.861 

Move®.1019 

Morel.1124 

Morinda.906 

Morlndlne.905 

Moringacese. 853 

Morjihla.766 

Mori>Uology. 641 

iloi-phology of Mosses.... 1114 

Mosses.1114 

—, how to prepare .. ..1228 

-, Region of.1165 

Movements in seaweeds.. 657 

- In sensitive plants 659 

Moving-plant, seo Desmo- 
dium. 

Moxa. 917 

Mucilage. 808 

Mucronate .160 

Mucu.% deflnite. 46 

Mudar . 

MulbciTy...!i.j621 

Mullein............. 9$5 

Multlcyistatft.. 144 

Muhifld . 148 

Maltij agate. 163 

Multilocular.440, 622 

Multiple fruits.638. 566 

MultiplioaVion of parts of 

flowem. 653 

Multlvalvular.... *^*0 

Mumniy-clotb 


Mtffljmy-wheat.. -d? 

Munjeet. 965 

Mnriatlc acid effect on 

pianta .995 

Muriformcelte.. 89 

Mnr^orm cellular tissue.. 6 

Muflaceee.1065 

Muscardlne ....1120 

Hnsd ..,.,1114 

Mushroom ..1124 

MuMard .. 762 

Mustard-tree.987 

Mnticona, without an awn 1009 

Hyoeiinm..1123 

Mypporines.. 968 

Hyosotis.. 969 

Myricese.1<S8 

Myristicacem.. 995 

Myrobalans.863 

Myronic acid.763 - 

Myrowne.782 

Myrrli. m 

Myrslnacese.938 

Myrtace©.868 

■ .. , Keglon of.1162 

Myrtle.867 

Nahee . 740 

Naegeli on Cytogenesle .. 34 

Naiadace©.1094 

Napiform......124 

KarciHses.1072 

Noicotine . 766 

Narthex ... 

Naseberry...987 

Natural System.719 

Necklace-likc..ws.... 398 

— -vessels. 37 

Nectandra. 994 

Nectaries.383, 416, 428 

Nectariferous glands. 63 

Nectarine.86.'» 

NelKonic©. 970 

Nelnmbiace®.762 

Nepenthace©.loil 

Nerium . 9^ 

Nerolloil ..796 

Nervation. 141 

Netted. 143 

Nettle.1020 

Nettle-tree.1020 

Neurgpteris.1186 

New Zealand Flax... .29, 1078 

. . qilnacb .881 

Nicker-tree. 861 

Niootiana . 961 

Nicotlna. 9).i 

Night-flowering Cereus . «3S 

- plants.4S4 

Night-scented flowera.... 687 

Nightsliade. 961 

Nlfsonla .1197 

Nipadites.121)2 

Nlfi-atesasmanujcs. 246 

Nitrogen lu plants. 2lo 

——, sources .916 

Nodes .67, 169 

Nodulose or Nodose.136 

Ni'ggorathla .IIW 

Nomenclatoi'e.704, 71* 

Non-tbssilfferouscocks ...1179 

Norfolk Island Pine.1046 

Notorbizete ..601,769 

Noyas .. 666 
























































































































































































PoTMTCVk 

... U 

^Odeu of a ...16.2^ 

)<ocil 0 U or kerotel.C77 

BTiKdeiis of ovule.. 463 

Nacuiaolam. 6SS 

Ntieole.....459 

Hacam$ntsee».760 

Naml^er of known plants 1138 

Bfat.. 544 

Ni^eg. 983 

Idatritlon of plants. 206 

of Air plants.217 

Kutrltlve organs.. 48 

——.product.812 

Nox-Vomlca ..947 

Kyctaginacee. 982 

KympnasacasB.750 

Oak.1037 

Oak<4pplea.701 

Oidc-s^gles...701 

Oils.1142 

Obcordate....150, 872 

Oblect'gUss.1207 

Oblique.146. 372 

Oblong. 150 

Oblong symmetry . 644 

ObOT^.150 

Obsolete. 364 

Obvcdute... 186 

(tchnaces. 883 

Oehrea. 158 

Ochro. 782 

Octimdrous.... 394 

Octangular. 69 

Odoon of flowers.^7 

In i^rent natural 
orders. 

• to connection with 
colour. 

<£nanthe.898 

offtet. 191 

Ofl, cells containing. 20 

OUs,&t.314 

—..drying,. 814 

—^ fixed ..314 

in different seeds... 315 

—.solid . 314 

volatile or e^ntial 3l7 

Olacaceae...794 

Olaxfamily . 794 

Oleacese .940 

Oleander. 945 

Oleaster family.999 

OHbsnom.815 

Oligandroi^ . 894 

Oligospermous ..546 

OUve....941 

Omphalode.5^3 

Onagracese. 8(;8 

Onion... ..1078 

OoBtlc FomU. .1187 i 

Q^boiidiam.1212 

Operculate.866, 425, 535 

Opereulum.1214 

OpbtsUa Chlrata.940 

Ophiocaryon. ^ 

OphioglosseiB..1109 

i^iom.... .... .756 

''apoponax.. .... 891 

Opposite .. 169 

Ointn^.863 

Orach. 987 

Orange..... 796 


Orange ftrofly......... 

Orbicular.,*,,..,.. 149 

OrchidacuB^.1058 

Orchidaceous oorolia.879 

Orchil.1121 

Orders, defined........... 709 

Organic constituents...,. 218 

tabular view of.208 

—, sources of... 212 

Organic elements.208 

Organog^y . 442 

Organography or Structu¬ 
ral B(^y. 1 

Organs, ap^ndicular.... 57 

—, compound.2,48 

—, elementary.. 1 

—V essential ofthefiower 851 
—essential, their func¬ 
tions .488 

-, nutritive. 48 

——, reproductive 48,323, 388 
Original vegetation of the 

globe.1146 

Omus...911 

Orobanchace«.962 

Orris-root. 10 <» 

Orthoplocese.601, 759 

Orthosperm©.888 

Orthotropal.465, 584 

Orthotropus. 465 

Oiyctology.1174 

Oryza, see Rice. 

Oscillatoria.1129 

Osier is Sails viminalia 

Osmunde©.1109 

Otopterls.1197 

Ourari .947 

Oval. 5, 150 

Ovary or gennen .... 429, 481 
—, divisions In it ...... 439 

-, half-mtcrlor.440 

inferior or adherent. 449 


« . ... Parttfrark 

Palasuole plants....1186 

Palate .. 881 

Pale© of Oomposit©.348 

Pale® of grasac*.. 1099 

Palm-stem, formation of.. 94 
, dichotomons.. 99 
direction of vas¬ 
cular bundles of ....... 95 

— -, mode of In¬ 
crease of. 97 

— -.ringsof. 98 

Palm of the Bible.1086 

Palma Christ!.1017 

Palmacites..1202 

Palm®. Iu85 

-, Region of...1155,1162 

Palmate .148 

Palmatlftd . 148 

Palmln.1017 

Palm-oil .10^ 

Palo De Vaca.10^ 

Panax.,.. 895 

Pandanace® .1090 

Pandanocarpnm ........ 1202 

Pandunfonn. 147 

Pangle®.878 

Panicle. 833 

Pansy .. 789 

Papaverace® ...765 

Papaw.873 

Papayace®...873 

Paper for drying.1225 

—, for llerbarium... .1229 

Paper-mulberry.1021 

P^ilionacc®. 848 

Papilionaceous corolla .. 879 
Papill® of epidermis .... 57 

Pappus..^65 

Papyrus.75, 1098 

ParacoToIla.384 

Paraguay Tea. 935 

Paraphy.'MJS.1114 


——, coverings of.464 

——, development of.468 

erect. 471 

forms of.......465 

horisontol . 471 

inverted.471 

naked.461 

pendulous.471 

position in the ovary 471 

, seminude.461 

> suspended.471 

Oxalate of lime in raphides 18 

Oxalidace®...620 

Oxidation in flowers ....473 

Oxlip.975 

Oxyeoccus.928 

Oxygen in plants.. 213 

, sources of.. 214 

—, consumed by flowers 474 

Oyster-plant .. 959 

Oyster-plant of America.. 918 

P®onie®.. 739 

P^naofleaf..189 

Pafieontology.1174 

faistozamia ..1197 







.252 

_605 

Parasitic Fungi. 

.252,1126 

.438, 460 

-, plants. 

..1139 

_ 471 

Parastemouos. 

.384 

.... 464 

Pareim-brava. 

.747 


Parenchyma. 4,5 

--perfect and imperfect 12 

Parietal. 440 

Panetm .J121 

Panghn . lOM 

Pun-pinnate. 153 

Pans.lOS.*) 

Parnassiero . 77o 

Paronychiace®. 879 

Paropsie®.87£P 

Parsley.890 

Parsnip.890 

ParthenogeuMis ..491 

Partite or Parted.146 

Passlflorace®...8^*^ 

Pastdon-flower ..h7i> 

Pastilles ..9^ 

Pastinac*..6^ 

Patchouli. 

Patell®.••••m2 

Patulous .. 

Pea .. 

Peach ... 

I Pear. 

' Pecopterls. 
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Parafirapk 

fectlM.8M, 864 

Pectinate.81,147 

PedaJiese. 

Pedate.1« 

Pedatifid. 148 

Pedicel.* 825 

Pedicellate.325 

Peduncles .4e*.e<*ee4*f. 825 

Pedunculate .825 

Pelargonium ......810 

PellicTc, superficial. 45 

PeUttory...1020 

PeUltory of Spain.917 

Pelorla.963 

Pelorlzation ..684 

Peltate ......88, 149,488 

Peneeaceffi ..1000 

Pencil-cedar .1046 

Pendulous ovule .471 

Penntiierved, see Featber- 

yeined.144 

Penny-royal .967 

Pentagonal symmetry ... 643 

Pentameruua.643 

Pentandrous.894 

Pentapctalous.878 

Pentaphyllous .8G1 

Pentascpalous.. 361 

Pepo.881 

Peponida.651 

Pepper.1032 

Pepper-brand.698 

Pepper-corn .700 

Peppermint .967 

Pepperwort family .1111 

Perenchyma of Morren .. J7 

Perennial.633, 718 

Perfoliate.163 

Perforations ui cells. 9 

Perianth. 382 

Pericarp. 620 

PerlcbaiHal.1114 

Pericladium. 158 

Periderm.85, 87 

Perlgone...352 

Perigynium .1097 

Perlgynous.390, 449 

Periodicity in flowering.. 483 

Peiiplicrloal. 602 

Perisperm .... 577 

PeiiRpermlc .587 

Perisporc.691 

Poristomatic. 51 

Peristome...1114 

Pentiopoua...471 

Periwinkle. 945 

Pernambuco-wood...851 

Persimmon. 933 

Personate ..381 

Perulai. 182 

Peruvian Cark . 903 

-, Cherry .961 

Petaloid .859, 396 

Petaloidese.1066 

Petals.368 

——, adlicrton of. 376 

—metmorphosed .... 883 

Potiolary.160,301 

-, mcrithal....189 

Potiolate.62, 189 

Petiole.139,155 

■ , anomalousfonnsof 163 

——, inflated.157 

— ■ , sbeathlDg.. 156 


Petiole, winged., 

Petioiuies. 

Petiveriee. 

Pence . 


Phoenix. 

Phoranthfum. 


Phylla. 

Phyllodlum .. 
Phyllogcn .... 

Phyllold. 

Pliyllophor... 
Phylloplastlc. 


in Exogens . 


Physalls 
Physic-nut. 


Physiology or Physiologi¬ 
cal Botany. 

Physomycetes. 

Pliyte’ephas.1086 

Phyto-geographical divi¬ 
sion of the globe.1153 

- --—.. zones 

of Meyen.1157 

Phytolaccacero. 988 

Phytons.116, 181, 639 

Phytozoa.427, 492 

Plassaba.1086 

Picotee.779 

Picrsena. 83;? 

Picrotoxin. 747 

Pileorhiza . 120 

Pig-nut, SCO Earth-nut 

Pilous or cap.1122 

Pill. 57 

Pilose. 365 

Pilosus. 60 

Pimento or Pimenta.867 

Pimi»ernel, see Anagallis. 

Pimplnella....».892 

Plnacere.1044 

Pine-apple.1076 

Pinei-tallow. 790 

Plnencbyma.. 6 

Pinos.1046 

Pingulcula. 973 

Plnitcs...1190 

Pink.779 

Pink-root .947 

Pinna . 162 

Pinnate. 162 

alternately. 153 

—.equally or abruptly 168 
interruptedly .... 153 

-.nnequiuly.? 164 

Plnnatltid'- . 147 

Franotiipartlte ..147 

Plnus .1046 

Flperaces.1031 

—. Begiou ^ . .1188 

2h 


fi!r‘ 

Pistachio nut. 


. 161 


.... MX 

. 988 


....109* 

.1197 

Pistil. 

.350,429 

0* 

—formation of.... 

.... 430 

. 323 

-, various forms of 

.... 434 

r- 

PlstiUary cord....... 

.488,4fi> 

18638 

Pistillate.... 

.... 619 

. 865 

Plstillidia. 

.459, 492 

. 87 

PlstlUiferous ........ 

.388.649 

. 309 

Pita-flax. 

29,1073 

. 853 

Pltaya-bark. 

.... 903 

.1086 

Pitch . 

....1046 

326 

Pitcher-plant family. 

....1009 

1078 

Pitchers. 

.... 164 

447 

Pith. 

8. 72,78 

358 

—discoid or disciform.. 78 

157 

, exccntrlc. 

... 80 

96 

——,functions of .... 

... 109 

327 

Piton-bark.. 

... 903 

m 

Pitted tissue . 

... 36 

177 

Pictosporacese. 

... 823 

169 

Placenta. 

... 438 

176 

-. how formed 

... 488 

176 

Placentarles. 

... 488 

176 

Placcntation. 

... 44a 

961 

Plaited. 

... 185 

1017 

Plane, oriental. 

.uvm 


Flantaglnacece. 

... 978 

1150 

Plantain . . 



Plautlncr trees. 

... 116 

1 

Plants, collecting of 

....1286 

1123 

PJutanacese .. 

...,1033 


Pleiotrachese. 32 

Pleistocene. .1303 

Pleurencbyma. 29 

— - I, funAlonB of 41 

Pleurisy-root.943 

Pleurocarpl.1115 

Pleurorhizete.601, 769 

Plicate.185 

Pliocene. 1180 

Plum...855 

Plumbaglnaceie.976 

Plumose... 365 

Plumule ..590,698 

Pod.848 

Podetium . 1119 

Podocarp. 833 

Podogynlum, same as Gy- 

nophore.437 

Podosperm.462 

Podostemacese.1024 

Poison-elder. 843 

Poison-Ivy.843 

Poison-nut...947 

Poison-oak..843 

Poison-sumach.843 

Pnlson-vinc .843 

Poisons, their effects on 
Irritability 

Polarizing apparatus ....1211 

Polcmoniaceas.952 

Pollard-trees.IW) 

Pollen.395, 402, 43J 

—. application to the 

ttlgraa.. 

--- —^ development of... 421 

- - —, duration of vitality 

of.500 

■ ■, scattering of. 496 

Pollen-grains, coverings (rf 423 

—-, number of.. ^ 

M.i..-.—,uoioaof.... 421 
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Pon^KTatQS, alxe and form 

W.424 

Pf^Bxv-masBea .421 

FoU^-tnbes .426 

extent to 

whi^ they penetrate 504,512 
— ■ . 1 ., functions of 503 

Pollen-ntricle.421 

Rdlinia.421 

PolUnaria.42T 

Polyadelphooe.899 

Polyandroua .894 

Polycarptc.634 

Polyclirolte.1068 

Polycotrledonons. 598 

Poiyembryony .609, 686 

Polygelaccse.772 

Polygamous .889,648 

Folygonacese.990 

Polyhedral. 4 

Polynomic.1161 

PolypetalooB ....376,378, 879 
Polyphyllons 

Folypoolee..1109 

PolysepalouB.868 

Polyspermoos............ 546 

PolyatcmonuuB.392 

PomeM. 663 

Pomes.864 

Pomegranate.867 

Fompelmoose.. 796 

Pondweed family.1094 

Pontedertaces ..1082 

Poplar ..1084 

Poppy fomily.766 

Porewort family..774 

Porous cdtS. 10 

■ — dehiscence.. 636 

..— vessels. ^ 

Fortland-dirt-bed.Im 

Fortlwd sago.1093 

Portngal jLaurel.856 

Portulacaces.878 

Posterior, applied to parts 

of the flower.867 

Postlcs.412 

Potames.1094 

Potash In plants.228 

Potash and soda as man¬ 
ures .248 

Potato.9G1 

Fotato-discasc.691 

Foteutilles.864 

Pounce.1046 

Prsfloration. 364 

PrsefoUatton. 184 

Prsmorse.124 

PmugoB . 890 

I*TCssmg plants .1227 

Prickles. 57 

Prickly Pear.888 

Priinlue.'.464 

Primordial.168, 693 

Primroses.976 

Frlmulaces. 974 

Prince’s feather. 986 

Prlsmatical. 5 

Frismonchyma. 6 

Privet.941 

Procumbent. 68 

Products of plants.800 

Progression of sap,causeof 266 

Proliferous leaves.199 

--plants.... 681 



Paratraph 

Propaeulum.... 


Proper-vessels, . 


Ptx^nchyma .. 


Protea<^ ..... 


Frotelne... 


Protoeoccus ... 


Protc^lasm. 


Pnining trees ,. 


Prunus. 

.856 

Pseudo-bulb ... 


Pseudo-mouocotyledonouB 698 

Pseudo-parasitic 


Pseudo-spermoos 


Pterts aqullina.. 

....105,1167 

Pterocarpus. 


Pterophyllum ... 

.1197 

Pnbesceat. 


Puccoon .. 


Pucha-pat, see Patchouli. 

Palp in fruits.... 


Pulvlnns. 


Pumpkin. 


Fnnctated woody tissue .. 30 



Porging-nut .... 

.1017 

Purples. 




Pntamen... 


Putty-wort. 


Pyren». 


Pyrethrum. 

. 917 

Pyridium, same as Pome. 

Pyrolene ... 


Pyrus . 

.865 

Pyxidium. 


PyilB. 

. 654 

Quadrangular ... 


Quadrlfurcate ... 


Quadrilocular ... 


Qaadripartite.... 


Quartlne . 

.464, 469 

Quassia. 


Quatcinate. 


Quercitron. 


Querens . 


Quick-gi'ass. 


Quillaiese. 


Qiiillaia-bark .... 


Qulna. 

.903 

Qulnate. 


Quince. 


Quinciincial. 


Quincunx.. 


Qnlnoa. 


Quinquangular.. 
Qutnquefiu . 


Quinquelocular.. 


Qulnquepartlte.. 


Quintine. 


Racemo. 


Races. 


Rachis.. 

,102, 825. 331 

Radiate. 


Rodiatifonn. 


Radiating. 


Radical. 


RaclIAil excretions.132 

Radicle. 


Radii . 


Radish. 


KafflesJa. 


Eafflesiacese .... 



_ , Pmraprapk 

Ramal .. iiig 

Ramenta. 07 

Ramentaceous . 67 

Rampion.922 

Range of Vegetation, horl- 

aontal .1168 

, vertical ..1168 

Ranunculacese . 738 

Rape.762 

Raphe.467, 583 

Raphidean colls. 18 

Rapliidos. 18 

Raspberry . 866 

Ratafia.856 

Rattans. 10 ^ 

Rattoons.804 

Ravenaia.1066 

Rays, medullary . 

Receptacle of flower ..326, 328 
Receptacles of secretion .. 20 

Keclinate......186 

Kectembrye ..960 

Red-snow plant.1129 

Reduplicate .3^ 

Regma. 664 

Reign of Acrogens .1186 

-Gymnosperms ..1194 

- -^pgiospeiTUB ...1198 

Reindeer moss ..1121 

Reniform.150 

Replum . ..447,684 

Reproduction In Crypto- 

gamous plants .492 

-in Phanerogamous 

plants .494 

Reproductive organs .... 43 

Rcsedaccffi.766 

Reservoirs of oil. 20 

Restnous matters. 20 

Resins.818 

Respiration of plants .... 282 

Restlacefe.1095 

Reto of Noui*8e ...678 

Reticulated cells. 11 

. vessels . 36 

Reticulum.67,158 

Retinacula.421 

Retractile hairs. 69 

Refuse.150 

Revolute. 186 

Rhabarberin .991 

Rhamnacese .840 

lihatany.773 

Rheurn.991 

Klunanthidca 2 .964 

Rhizanthcre .....1041 

Rhizantlis.252 

Rhlzobolaccse. 

Riiizocarj’Cte.IIIP 

Khlzogcns . 64 

Rhizome. 70 

Kliizophovacete.859 

Rhododendron .931 

Rhododendrons, Region of 1152 

Rhubarb. 991 

Rhus. 843 

Rib, costa...144 

Klb-wort family.978 

Ricclese .IpJ, 

Rice. 

Rice paper. 

Rice paper plant. ‘i 

llicinus ..1017 

Rictus.381 
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^^ragraph 

RIga-batsam .. 

Bing^t.3^ 881 

Wpenlng of fnilt.. w 

Rocambole..lore 

RocceUa...US 

Rock plants .. •.. • 1139 

Rock-Rose family.787 

Root. IW 

abnormal. 121 

of Acotylodons or 

Acrogens. 128 

adventitious.. 121 

—, aerial. 121 

—of Dicotyledons or 

Exogcns.126 

——, excretions from .... 182 

-, fleshy.181 

forms of. 124 

fonctions of. 129 

—mode of increase of 120 

-, subterranean.. 120 

-, structure of.120 

-of Monocotyledons or 

Endogens . 127 

-. young.119 

Root - like processes of 

Ivy . 122 

Rout-parasites...232, 9C3 

Root-stock.'.. 70 

Rosacese . 834 

Rosaceous corolla. 378 

Rose. 8W 

Rose-apple. 867 

Rosomaiy . 967 

Rose of Joricho..*«. 762 

Rosewood. 830 

Eostellum. 421 

Rotate. 880 

Rotation of crops.232 

Rotation in cells. 276 

-, velocity of the 

currents . 280 

-, cause of.281 

Rougli, see Scabrous. 

Rounded, rotundatus .... 130 

Itnbia. 905 

Rubiace® . 902 

Rue .. 

Ruclha. 971 

liumex. 991 

Ruminated.688 

Runcliiato.147 

Runner.191 

Ruptunng.686 

Rush Family.1084 

Rust. 695 

Kutace® . 827 

^Rye.1100,1142 

Sabadilla.1080 

Sac of the embryo... .4W, 677 

Saccate . 878 

Sack-tree......1022 

Safflower.... gig 

Saffron.1068 

Sagapenum...,.891 

Sage...967 

Sagittate.160, 874 

Sago.802 

-, false.1048 

——, Portland.802,1098 

Sago-palm ..1086 

Saintfoin.860 

St Ignatius’s bean.. 947 


St John’s bread . 83l 

St John’s wort family.... 797 

Salep... 1060 

Sallcme.809. 1034 

Saiicine®.1088 

^Ilne Plants .....1189 

Salpiglosside® . 964 

^Isdiy.. 918 

Salvaaora . 987 

Salver-shaped. 380 

Salvia .967 

Samaia . 342 

Samarold . 342 

Sambuce® ..900 

Samphire... 890 

Samrdace® .1005 

Sana-plants .1139 

Sandal-wood.1007 

Sandarach...1046 

Sandbox-tree....1016 

Sangnisorbe®.864 

Santalace®.1006 

Sap, ascending....257 

——, changes in its com¬ 
position . i 

-, course by which it 

’ ascends. 257 

-» crude. 257' 

—descending.261 

-, elaborated .2C1 

—, height to which it 

ascends.*.274 

Saj)-wood: . 78 

Sapindace® . 806 

Saponine.779 

Sapotace® . 936 

Sapan-wood.851 

Sappodilla. 987 

Sapucaya nut is the pro¬ 
duce of a species of Le- 
cythfa. 

Sarcinnla .1129 

Sarcocai'p.. .624, 646 

Sarcocol .......1000 

Sarcodenn.678 

Sarcosperm.678 

Sargassum.1129 

Sarmentum . 66 

Sarraceniacc®.. 754 

Satsapm'Ula .1054 

Sarza .1054 

Sassafras.994 

Satin-wood. 612 

Sanruracoa; .,.1030 

Savin.1046 

Savoury.967 

Savoys...762 

Baxifragace®..8S5 

Saxifrages, Region of.... 1165 

Scabrous. 68 

8c«volett . ^ 

ScaJariform cells ... 11 

-vessels .104 

Scales.67, 346 

Scammony. 956 

- . adulterations of... 9^ 

Scandent. 66 

Scape. 842 

Scar. 140 

Scarlet-rvrjier ..8W 

Scepace®.1014 

Schinus .. .. 

Schlelden on Cytogeneshi 22 

SchuJtz, view of Latex... 41 


i Sebouw’s Phytogeogiiffil^^ 

' cal Regions.IIW 

Seffla or Sqdlia. .^1078 

Seine®..1077 

Scimtlna.1078 

Scimitar-shaped.«... 230 

Scion.669,373 

Scitamine®....J061 

Scierantbe®.679 

Sclerogcn . 16 

Scorpioidal... 340 

Scorzonera.............. 918 

Scotch Fir ..1046 

Scotch Thistle. 916 

Screw-pine.121,1091 

Scrophulariace®. 964 

Scurf. 37 

Scurvy-grass. 762 

Scythian Lamb.1110 

Sea-bucktliom.999 

Sea-kale.7G2 

Sea-side grape.991 

Sea-pink... 977 

Sea-weeds .1127 

Sea-wrack .1128 

Sebesten plums. 057 

Secretions of plants.800 

——, receptacles of .... 20 

Sccuudine .464 

Sodge Family .1(K)7 

Sedum .880 

Seeds ..676 

forms of......685 

——, functions of. 605 

Integuments of..... 377 

, lobes of.686 

—position In tliff ovary 685 

—, sowing of.611 

dissemination of.... 606 

—, maturation of.6(k» 

——, mode of preseiTing.. 618 
mode of transmisalou 1231 

vitality of. 617 

Selagino® .968 

Selaglnites. ..1187 

Scmi-auatropal.467 

Semiflosculoufl ..911 

Seminal leaves.599 

— lobes.699 

Sominnde... 676 

Sempervive®.. 880 

Sempcrvlvom. 880 

Senega. 773 

Senna. 851 

Sensitive phmts.659, 852 

Sepals .858 

-, adhesion of. 862 

, forms of.359 

Septate. 4V 

Septemfld.148 

Septenate ..164 

Septlcidol . 532 

Septifragal...682 

Scptulattt. 760 

Septum..............408, 439 

S^ceous. 60 

Serpentmia ....lOlQ 

Senate. 146 

essile .62.139,326,370 

Sesuve®.881 

Setaceous... 37 

Set® ..67,469 

Setose. 37 

Sexes of plants.. 489 
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UTDEX, 


4nTu3iT6tem 7l5 

W^di<kk .796 

ftudlOQ ...927 

Shallot.1978 

Shamrock.821, 

Kieathofleaf. 189 

She*oak..... 1930 

Shola*.. 75 

SSirubs.68,713 

Sides. 781 

Iffideaaddle-flower. 754 

SteiUaria .1189 

Siienes .773 

Silica in plants. 226 

—- in epidermis. 49 

—— In the soil.... 235 

SlHcula.655 

Sniqna.634, 605 

Silk-cotton. 781 

Slllquosa . 760 

Silver ftr.1046 

Silver-jfraln. W 

Simambace®. 831 

Sinapis. "62 

Slnapisin.. 762 

Sinuous. 5 

Siiit^. 9'»l 

Sissoo. 800 

Skirrct.890 

Skunk-Cabbase .1093 

Sleep of plants. 608 

Slipper-llke . 881 

Sloe.80 > 

Srailaceee.1053 

Smilacin .1004 

Smut . 694 

Smnt-ballif... 693 

Snake-nut-tree. 807 

Snake-root. 773 

——, Virginian.1010 


Snake-wood .947,1022 

Snowball-tree is Viburnum 
Opulus. 

Snowberry.901 

Snow-drop, see Galanthua 

Snow-drop-troe.932 

Snowflake is Leucojum. 

Snov-llne.1137 

Soap-berries.807 

Soap-wort family........ 806 

Stobolea . 70 

Social plants...1144 

^da in plants.228 

SoUs. 233 

—, as aATectingthc distri¬ 
bution of plants.1139 

——, required for different 

n its .... 239 

acese .960 

Solania.981 

Solidagos, Region of ....1100 
l^lomon'6-seal is Conval- 
laria. 

Solubility ..586 

Sooranjee...905 

Soot ae a manure.246 

Shredla, gonldla breaking 
througn the thaliua of 

Lichens.1119 

Son.1108 

Sorons ..50? 

Sorrel... 901 

Souarl-nuts.808 

Sour-sop...746 


Paro^aph 

Sour-gourd, same as Bao¬ 
bab. 

Southern-wood.. 917 

Sow-bread. 975 

Spadix. 884 

Spanish-broom, is Spartium 
junceum. 

Spatho, spathe.849 

Sputheilu.349 

Spathnlate.150 

Spawn .1122 

Spearmint . 967 

Species, meaning of the 

term. 705 

-, doubts as to their 

limits. 706 

-, transmutation of.... 707 

Spermatozoids .492, 49.? 

Spennoderm . 677, 678 

Sphsereudfyma 

Sphscrla .1126 

Sphcnoplivilum ....1186,1197 

Spbennptois.lltiG 

Sphoroulal. 0 

Spider-woit.lOSf 

Spigelieaj.946 

Spiko... 3.34 

‘Spikelet . 334 

Spikenard . 907 

Spike-oil. 967 

Spiimge or Spinach.9H7 

Spindle-trec .*.838 

Spines. 200 

Spiraiefe.854 

Spiral cells.11, 403 

-vessels...32, 41 

Si>iral cycles described by 

leaves.171 

Spiral vernation. 186 

Sphoidea. 32 

Spnolobeaj. 759 

Spongelets...120 

Spongioles. 120 

—, absorption by. 2->.3 

Sporangia . 459 

Spore.459, 591 

Sporidium .591 

Sporocarp.1127 

Sporoplimes . 1122 

Spornle, see Spore. 

Spruces.1046 

Spur, calcar. 373 

Spurge family.1014 

Spnrae-iaurc).1002 

Si'UHons tiacbca*.. 35 

Spurred. 3C3 

8quam».846 

Squamash ......1078 

Squamulse .1099 

Squat e cells. 5 

Squash.872 

Squill.1078 

Squirting cucumber. 872 

Stackhousiaces. 836 

Stalk of leaf . 139 

Stamens.. 350,890 

-, deflnlto.. 894 

-, indefinite. 84 

——, number of.899 

-, parts of.895 

——, relation to the petals 893 
——.structure and form,. 891 
—in Cryptogamic plants 427 
Stamlnid. 649 


Paroffrapn 

Stamlnldia, same as An- 
therldla. 

Staminlferous.388 

Stamlnodlnm.415, 651 

Standard.879 

Stapelia...943 

Stapclin, Region of.1166 

Staphyleaceee.839 

Star-anise.743 

Star-apple. 937 

Starch-grains. 17 

Starch in plants.801 

-changed to sugar 309, 477 

Starch-sugar.807 

Statieex .976 

Statistics of vegetation.. .1151 

Stavcsacro. 740 

Steeping seeds .248 

Stcllatm . 902 

Stellate.5, 57, 880 

Stem, forms of. 69 

-, acrogenous or acoty- 

ledonous. 71 

--, aciial. 70 

-, endogenous or mono- 

cotylcdonous. 71 

-, exogenous of dicoty¬ 
ledonous .71,107 

-, functions of different 

parts of.109 

-, internal structure of. 71 

-, size of. 108 

-, subterranean. 70 

Stemless. 65 

Stcrcnlincete . 783 

Stengmata.1122 

Stci lie flowers. 649 

Sternbergia.1190 

Stigma .429, 433 

Stlgmaria .1188 

Stlluginacete.1025 

Stings. 62 

Stipe.65,102 

Stipels.161 

Stlpitate.62, 335, 437 

Stipulate.15S 

Stipules.139,158 

Stock. 569 

Stomata. 50 

-, development of... 55 

-, forms of. 54 

functions of. 64 

-in Equlsetum.1107 

-in leaves. 136 

--, number in square 

inch of surface . 56 

Stonecrop. 8P0 

Stone-pine is Flnus Plnea- 

Storax. 92* 

-, liquid ... 10^5 

Stramonium .961 

Strupshaped . 382 

Stratlotere .. 1057 

StrawbeiTy.855 

Strawhorry-tree. 927 

Strobilites.1187 

Strobllus. 334 , 559 

Strophiolate.582 

Strophlolea.582 

Struma.J56 

..998 

Stryclmeso. 

Strychnia ..947 

Strychnos ..947 
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Faro^ffV^ 

StnpOW ...W, 898 

Styin.429.432 

—fonns of. .458* 

situation of.451 

Style and stigma, irrlta-_ 

bility of.885 

Btylo-wort family.921 

Btylldiace® .021 

Stylopodium .^ 

BtyphelieM. 

Styracacere. “*0 

Subclasses defined .710 

Snboilcacid . 816 

Subeious layer. 85 

Subgenus, defined.708 

Suborders, defined.700 

Subterranean plants.1180 

stem. 70 

Subulate.150, 803 

Suckers in Dodder.122 

Succory. 918 

Suflfnitex. 68 

SufFruticosc . . 

Sugar. 804 

I. I, from Beet.80C 

——, import of .. ..305, 1101 

-, from the maple .. 306 

Sugar-bush .OOf 

Sngar-cano. 1101 

Sugar-maple . 805 

Sulphnr as a manure .... 246 
Sulphuretted hydrogen, 

effect on plants.206 

Sulphiirons acid gas, effect 

on plants. 294 

Sumach. 843 

Sitmatra-Camphor family 780 

Sun-dew family.770 

Sunflower.917 

Stm-Hcmp .. .. 782 

Supenor, applied to the 

parts of the flower..S57 

Supervolute. 185 

Suppression of organsj.... 647 

Supradecompound. 162 

Suspended ovule.471 

Suspeusor.463, 604, 614 

Sutural .632 

Sutures .629 

Swallow’s-nest, edible.. ..1130 

Sweet-almond.856 

Sweet-bayi.994 

Sweet-briar is Rosa rubl- 
ginosa. 

Sweet-cane......1102 

Swect-cassava. 1018 

Sweet-fern.1035 

Sweet-flag.1093 

Sweet-pea Is Lathyms 
odoratus. 

Sweet-potato. 956 

Sweet-Bop. 746 

Sweet-william is Dianthus 
barbatua. 

Sword-shaped, see Enslform. 
Sycamine of Scripture ...1021 

Sycamore.806 

-ofScrlpture ......1021 

Syconus . 659 

Symbols .. 

Symmetrical flojver. 875 

Symroetryoforgans...... 648 

Symploce® ..... 926 

Synanther® . 910 


Paragraph 

SyuBUtherons.4i7 

Synaptase .810 

Syscarpons.435, 538, 549 

Syngenesia.911 

Byngeneslons . 417 

Sjmochreate . 160 

Synonymes...718 

Syringa .865 

Systems of classification.. 703 

-, artificial. 715 

natural.719 

Tabasheer .226 

Tabular cells. 6 

Tacamahac.799,845,1034 

Tagna, aname for the Ivory 
Palm. 

Tallow-tree .799,1017 

Tarooncace®.775 

Tamavitid.851 

Taiuiirisk family . 775 

Tangliin .945 

Tangle.1130 

Tansy . 917 

Tophrenchyma. 36 

Tapioca.802, 1018 

Tap-root. 124 

Taraxaemo.918 

Taraxacum.918 

Tarragon.917 

Tartarian Lamb.1110 

Taxirica?. 1045 

Taxonomy . 703 

Tea plants. 793 

-of Paraguay.935 

Teak, Afiicau.1018 

-, Indian. 969 

Teazel . 908 

Teel seeds. 951 

Tegmenta ..182 

Temperature of plants.... 667 

. , effects of.1135 

1 .., as regardsaltitude'.1137 

-,-latitude. . .1136 

Tendril.157,201 

Teratology. 646 

Tercine.404, 469 

Termlnalle® .862 

Terminology or Termono- 

logy . 704 

Temate.154 

Temxtroemiace®.792 

Tertiart-fossils.1202 

Test-objects.1210 

Testa.678 

Tetradynamous.419 

Tetragonal, symmetry ... 643 

Tetragonie® . 881 

Tetramerons.643 

Tetrandrous...394 

Tetrapetalons....375 

Tetra^re...591 

Tetrathecal. 405 

Thalamus.829, 350 

Thalamiflor® .890, 737 

Thallogen®.1118 

Thallogens.65,106 

Tbaiiopliyta.1104 

Thallophirtes.. 65 

ThaUos. 65 

Thee® ..459 

Tbecapliore.437 

Theine.798, 935 

Theobromine...766 


ParaanMpk 

Thistle .. 916 

Tltom .... .. 

Thorn-apple .. 98l ' 

Thrift . 977 

Throat of corolla.. 877 

Thunbergie®. 97® 

Thus.1046 

Thuya .10<B 

Thuyites...1177 

Thyme.967 

Thymelffiace©.1008 

Thyrsus. 388 

lleutd. see Upas. 

Tlgellary menthol ...... 1S9 

Tigellc .590,698 

Tiliacete . 787 

Tllle® .787 

Tillandsm.1076 

Tissue, cellular. 4 

-, flbro-cellular. 11 

—,* fibro-vascular ...... 81 

-, ligneous . 29 

phicboidal.. 87 

-, pitted. 36 

—vascular. 28 

vasiform 

-, woody. 30 

Tissues, vegetable. 1 

—, arrangement of .... 43 

Tobacco. 961 

Tomato. 961 

Tomentose... 60 

Tomentum . . . 

Tonka-bean. 850 

Tootbache-treo. 895 

Toothwoit .977 

Tormentil .. 855 

Tortoise plant .1052 

Toms.829 

Tous-les-mois . 802 

Toxicodendron.843 

Tracbc®. 31 

-, closed. 34 

-, false. 35 

-, spurious. 35 

Trachenchyma. 31 

Tradescantla.1087 

. ■ rotation in. 278 

Tragacanth .850 

Transpiration.203 

Transportation of plants In 
close cases . 

Traveller’s joy is Clematis 
Vltalba. 

!»Tree-beard .1076 

Tree-ferns, Region of.. ..1162 
, structure of stems i 02 
I, stem, dichotomous 105 

Tree-lily.1071 

Tree-nettle.1020 

Trees, defined 

, ages of.fi37 

TrefoU.'* 850 

Ti*eraandrace®.774 

Tiladclphous... •.. 399 

Triandrous..894 

Triangular... 69 

Tribes, defined.709 

lYlbule®. 826 

Trichotomous.388,339 

Tricoccous .. 533 

Trientalis... 975 

Tiifld.148, 869 

Trigonal symmetry'.- 643 
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PcUM^ro^ 

pam. 11 ! ■ 

[Onotu.i 

iQlar.. « 

TriHiaceae .J06. 

Trimermu.. 64: 

Trlnomtc.llfi 

Tripartite.86 

Tripe de Roche.112 

Trlpetalous. 37. 

TripinnAte. Iff 

Trlptouatifld. 14! 

Triplet.12C 

Triquetrous. 6. 

Trisepulous. 36 

Trlstfchoos.I'r 

Trieemate. Iff 

Trivial name.70 

Trop»olao» 

—.46; 

Trufca. m 

Trampet-wood.lO/. 

Truncate.IffO, 86 

Truncus. 6o 

Tryma.645 

TuW.70^195 

Tuhercular.125 

Tubercules.13 

Tuberose...1071 

Tubes 

Tubular.... 

Tubullflora.913, 91* 

Tulipea .207 

Tulip tree.74« 

Ton icated bulb..... 194 

Turbinate...36^ 

Tuno. 193 

Turmeric ..1062 

Tumcracea .877 

Turnip... 762 

Turnsole.1018 

Turpentine .1046 

-, Chian.843 

Tussac-graas.1100 

TussUa^o . 917 

Tutsan tamily.797 

Twisted vernation.... 186, 864 
Typhinea.1092 

Ulmacee.1019 

Ulmine .234 

Ulodendron.*..1187 

Ulva.1130 

Umari. B.'X) 

Umbel. 336, 

UmbellU'era .888 

-, Region of. .1166 

Umbellule.33.6 

Umbilical cord.402 

Umbilicus.683 

Uncaria. 905 

Uncinate. 68 

Undershrub. 68 

Undulated.160 

Unequal...146 

Unequally pinnate.163 

Ungulculate.370 

Unguis.370 

Unicom plant..961 

Unicostate.144 

Unljugate. 163 

Unilateral. 466 

Unilocular.406,440.622 

Umpetalous.376 

Uttisesual...888, 6iS 


Uttlvalvular... 

iiSo 

Unlining. 

.... 883 

Unsymmetrical. 

.... 875 

UpaisAntiar. 

,...1022 

Upas Tieutd. 

.... 947 


.... 380 

Urginea.. 

....1078 

Um-sbaped.. 

.... 380 

Urticacess .. 

....1019 

Utricle.. 

...4,643 

-internal. 

.... 14 
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INTRODUCTOEY REMARKS. 


It has too often been supposed that the principal object of Botany 
is to give names to the vegetable jiroductjons of the globe, and to 
arrange them in such a way that these names may be easily found 
out. Tins is a most erronegps view of the science, and one which 
was perhaps fostered by some of the advocates of the Linuean 
system. The number of species collected by a botanist is not con¬ 
sidered now-a-days as a measure of his acquirements, and names 
and classifications are only the mechanism by means of which the 
true principles of the science are elicited. The views in regard to 
a natural system projxised by Ray and Jussieu did much to emanci¬ 
pate Botany from the trammcds of ariificial methods, and to place 
it in its proper rank as a science. Their labours have been ably 
carried out by De Candolle, Brown, Endlicher, Bindley, Hooker, 
Arnott, Bentham, and others. The relative importance of the diffe¬ 
rent organs of plants, their structure, development and metamorphoses, 
are now studied upon philosophical principles. The researches of 
Gaudichaud, Mirbel, and Trecul, as to the structure and formation 
of wood; the observations of Schleiden and Mohl on cell develop¬ 
ment ; the investigations of Brown, Schleiden, Fritzsche, Amici, 
Hofmeister, Tulasne, and others, into the funetions of the pollen, 
the development of the ovule, and the formation of the embryo; 
the experiments of Schultz, Decaisne, and Thuret, on the move¬ 
ments observed in the cells, vessels, and sppres of plants, and 
various other physiological inquiries, have promoted much our 
knowledge of the alliances and affinities of plants. Thus the 
labours of vegetable anatomists and physiologists all tend to give 
correct views of the relation which plants bear to each other, of 
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the laws which regulate their development, and of the great plan 
on whieh they were formed by the Creator. 

There is a tendency, however, to speak of the laws of nature as 
if they were in themselves Aeciitive, and this has led to eri'oneons 
views of the system of the universe. Many attempt to shut out God 
from His works by this means. The Creator is regarded as looking 
at the development of His plan, and watching its progress, but not 
requiring to exercise constant and unwearied superintendence of 
the minutest event. Nay, even when He create.s animals with 
certain instincts, and plants with certain functions, He is repre- 
sented like an imperfect workman taking a lesson from the operations 
of the beings which He has made, an4 which, by their own efforts 
of selection, or by their own struggles for existence, complete what 
the Creator had set on foot. A certain mechanism is set a-going 
in some unknown way, and it continues to work according to 
definite law's. But what are law.s, unless there is some one to carry 
them out. The great Author of these laws must be always working 
in them and by them, and upholding them in their integrity and 
efficiency. No doubt the Creator is a God of order and method, 
and the operations of His wisdom and pow'Cr are displayed in wUai 
we call laws. The execution of these law.s, however, is just as 
wonderful and miraculous as is a fiat of creation, and ivquire.s 
equally the exercise of Almighty power. The uniformity of nature 
depends on the wisdom that made these law's and adapted them to al! 
the vai-ying cenditions of the nniverse. In the course of Providence, 
however, there are every now and then marked events wiiidi 
seem to be at variance with this uniformity, as when a dcUigi- 
overwhelms mankind, or when a sudden convulsion destroys tiie 
cities of the plain. Such events show that all things do not continue 
as they were from the beginning of the creation. Those wdio look 
for a progressive detelopment and a gradual and eternal advance 
towards perfection in the living beings which cover the earth, without 
further creative fiats or movements saltum, forget, in their 
speculations, that a time is coming when, as the Apostle says, “ the 
earth and the works that are therein shall be burned up,” and 
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then shall there be ushered in “ a new earth,” wherein righteousness 
shall dwell. We cannot but honour the man, who, by his 
genius and talent, has been enabled to develop one of the great 
laws of nature, and who feels and acknowledges that he has been 
the humble instrument to lift the veil to a certain extent which 
conceals the workings of the Almighty; but we have no sympathy 
with that discoverer in science, who, puffed up with intellectual 
superiority, puts the laws which he has elucidated in the place of 
the Creator, whose personality and ever-working omnipresence, he 
ignores. 

In studying, therefore, the laws which are exhibited in the eco¬ 
nomy of living beings, let, us never in the pride of science and 
philosophy forget Him, -nho not only created all things bnt up¬ 
holds all things, and by whom all things consist. While we 
apply ourselves with the earnestness of zealous students to ex¬ 
amine those wondrous works wliich are sought out of all that have 
pleasure therein, let us take every thing in connection with that 
Word which is the sole record of Tnitli, and which, as coming from 
the God of nature, must be in perfect barmony with the laws of 
nature. 

•The Botanist, in accomplishing the ends he. has in view, takes 
an enlarged and comprehensive view of the vegetation with which 
the earth is clothed. He considers the varied aspects nirder wliich 
plants appear in the different quarters of the globe, from tire Idclien 
on the Alpine summits, or on the. Coral reef, to the majestic Palms, 
the Bananas and Baobabs of tropical climes—from the minute 
aquatics of our northern pools to lire gigantic Victoria of the South 
American waters—from the parasitic fiingns, only visible by the 
aid of the microscope, to the enormous parasite discovered by 
RafHes in the Indian Archijielago. 

It is interesting to trace the relation wdiich all these plants bear 
to each other, and the mode in which they arc adapted to different 
climates and situations. The lichens are. propagated by spores or 
germs so minute as to appear like thin dust, and so easily carried 
by the wind that we can scarcely conceive any place which they 
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cannot reach. They are the first occupants of the sterile rock and 
the coral-formed island—being fitted to derive the greater part of 
their nourishment from the atmosphere and the moisture suspended 
in it. By degrees they act on the rocks to which they are attached, 
and cause their disintegration. By their decay a portion of vege¬ 
table mould is formed, and in progress of time a sufficient quantity 
of soil is produced to serve for the germination of the seeds o 
higher plants. In this way the coral island is, in the course of 
years, covered with a forest of coco-nut trees. Thus it is that the 
most despised weeds lay the foundation for the denizens of the 
wood; and thus, in the progress of time, the sterile rock presents 
all the varieties of meadow, thicket, and forest. 

The Creator has distributed his floral gifts over every part of the 
globe, from the poles to the equator. Every climate has its 
peculiar vegetation, and the surface of the earth may be divided 
into regions characterized by certain predominating tribes of plants. 
The same thing takes place on the lofty mountains of warm 
climates, which may be said to present an epitome of the horizontal 
distribution of plants. Again, if we descend into the bowels of the 
earth, we find there traces of vegetation—a vegetation, however, 
which flourished at distant epochs of the earth’s history, and.the 
traces of which are seen in the coal, and in the fossil plants which 
are met with in different strata. By the labours of Brongniart 
especially, these fossil remains have been rendered available for the 
purposes of science. Many points have been determined relative 
to their structure, as well as in regard to the climate and soil in 
which they grew, and much aid has been afforded to the Geologist 
in his investigations. 

The bearings which Botany has on Zoology are seen when we 
consider the lowest tribe of plants, such as Diatomacese. These 
bear a striking resemblance to the lowest animals, and have been 
figured as such by Ehrenberg and others. The observations of 
Thwaites on Conjugation have confirmed the view of the vegetable 
nature of many of these bodies. There, appear, however, to be 
many productions which occupy a sort of intermediate territory 
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between the animal and vegetable kingdom, and for the time being 
the Botanist and Zoologist must consent to join occupancy. 

The application of botanical science to Agriculture and Horti¬ 
culture has of late attracted much attention, and the chemistry of 
plants has been carefully examined by Liebig, Mulder, and Johnston. 
The consideration of the phenomena connected with germination, 
and the nutrition of plants, has led to important conclusions, as to 
sowing, draining, ploughing, the rotation of crops, and the use of 
manures. 

The relation which Botany bears to Medicine has often been 
misunderstood. The medical student is apt to suppose that all he is 
to acquire by his botanical pursuits, is a knowledge of the names and 
orders of medicinal plants. The object of the connection between 
scientific and mere professional studies is here lost sight of. It 
ought ever to be borne in mind by the medical man, that the use 
of the collateral sciences, as they are termed, is not only to give 
him a great amount of general information, which will be of value 
to him in his after career, but to train his mind to that kind of 
research which is essential to the student of medicine, and to impart 
to it a tone and a vigour which will be of the highest moment in 
all his future investigations. What can be more necessary for a 
medical man, than the power of making accurate observations, and 
of forming correct distinctions and diagnoses? These are the 
qualities which are brought into constant exercise in the prosecution 
of the botanical investigations, to which the student ought to turn 
his attention, as preliminary to the study of practical medicine. In 
the prosecution of his physiological researches, it is of the highest 
importance that the medical man should bo conversant with the 
phenomena exhibited by plants. For no one can be reckoned a 
scientific physiologist who does not embrace within the range of 
his inquiries all classes of animated beings; and the more 
extended his views, the more certain and comprehensive will be 
his generalizations. 

To those who prosecute science for amusement. Botany presents 
many points of interest and attraction. Though relating to living. 
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and organized beings, the prosecution of it calls for no painful 
experiments nor forbidding dissections. It adds pleasure to every 
walk, affords an endless source of gratification, and it can be rendered 
available alike in the closet and in the field. The prosecution of 
it combines healthful and spirit-stirring recreation with scientific 
study; and its votaries are united by associations of no ordinary 
kind. He who has visited the Scottish Highlands with a botanical 
party, knows well the feelings of delight connected with such a 
ramble—feelings by no means of an evanescent nature, but lasting- 
dining life, and at once recalled by the sight of the specimens 
which were collected. These apparently insignificant remnants of 
vegetation recall many a tale of adventure, and are associated with 
the delightful recollection of many a friend. It is not indeed a 
matter of surprise, that those who have lived and walked for weeks 
t'lgetherjn a Highland ramble, who have met in sunshine and in 
tempest, who have climbed togetlier the misty summits, <and have 
slept in the miserable shielding—should liave such scenes indelibly 
impressed on their memory. Tliere is, moreover, something pecu¬ 
liarly attractive in the collecting of alpine plants. Their compara¬ 
tive rarity, the localities ii» -which they grow, and frequently their 
beautiful hues, conspire in shedding around them a halo of interest 
far exceeding that connected with lowland productions. The 
alpine Veronica displaying its lovely blue corolla on the verge of 
dissolving snows ; tlie Forget-me-not of the mountain summit, 
whose tints far excel those of its namesake of the brooks; the 
Woodsia, with its tufted fronds, adorning the clefts of the rocks , 
the snowy Gentian concealing its exe of blue in the ledges of the 
steep crags; the alpine Astragalus enlivening the turf with,its 
purple clusters; the Lyclini.s choosing the stony and dry knoll for 
the evolution of its pink petals; the Sonchns, raising its stately stalk 
and azure head.s in spots which try the enthnsia.sm of the adventurous 
collector; the pale-flowered Oxytropis confining jtself to a single 
British cliflf; the Azalea forming a carpet of the richest crimson; 
the Saxifrages, with their white, yellow, and pink blossoms, 
clothing the sides of the streams; the Saussurea, and Erigeron 
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crowning the rocks with their purple and pink capitula; the pen¬ 
dent Cinquefoil blending its yellow flowers with the white of the 
alpine Cerastiums and bright blue of the stony Veronica; the 
sternless Silene giving a pink and velvety covering to the decom¬ 
posing granite; the yellow Hieracia, whose varied transition forms 
have been such a fertile cause of dispute among Botanists; the 
slender and delicate grasses, the chickwceds, the carices, and the 
rushes, which spring up on the moist alpine summits; the graceful 
ferns, the tiny mosses, with their urn-like thecm, the crustaceous 
dry lichens, with their spore-bearing apothecia; all these add .such a 
charm to Highland Botany, as to throw a comparative shade over 
the vegetation of the plains. 

Many are the important lessons which may be drawn from the 
study of plants, when prosecuted in the true spirit of Wisdom. 
The volume of Creation is then made the handmaid of the volume 
of Inspiration, and the more that eiich is studied, the more shall 
we find occa.sion to observe the harmony that subsists between 
them. It is only Science, falsely so called, which is in any way 
opposed to Scripture. Never, in a single instance, remarks 6aus.«en, 
do we find the Bible in opposition to the just ideas which Science 
has given us regarding the form of our globe, its magnitude, its 
geology, and the productions which cover the surface. “ Tlie 
invisible things of God from the creation of the world are clearly 
seen, being understood by tlie things that are made, even hi.s 
eternal power and Godhead.” The more minutely we examine the 
phenomena of the material world, and the more fully we compare 
the facts of Science with Eevealed Truth, the more reason shall we 
have to exclaim, in adoring wonder, with the Psalmist of old, “ 0 
Lord! how manifold are thy works! in wisdom hast thou made 
them all; the earth is full of thy riches.” 
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9 . lU.-SPEECHES on SOCIAL and POLITICAL SUBJECTS. 


BROUGHAM.—TRACTS. 

TfiAm, Mathematical and Physical. By Henry, Lord Brougham, 
F.R.8. Second edition, crown 8vo, 78 .8d., 

BROUGHAM—EDINBURGH REVIEW. 

CONTBIBOTIOHS to tlie EDINBURGH ReyiEW, POLITICAL, HISTORICAL, and MlS- 
CELLANBOUS, by Henry, Lord Brougham, P.R.8., 3 vols. 8vo, L.l Kis., cloth. 

BRYCE.-UNIVERSAL GAZETTEER. 

Cyclop jtDiA pp Political and Physical Geography, forming a Complete 
Gazetteer of the World, with Pronunciation, and numerous IHustrations. By 
James Bryce, LL.D., A-M., F.G.8. Post 6vo, 125. ed., cloth. 

BUNYAN—THE PILGRIM’S PROGRESS. 

TpE Pilgrim’s PeogRKB. By John BuntaR. Ulustrated edition, with en- 
jAwige by Haryby, Martin, Corbould, &c.. 4 cu With Lite and Notes by 
PoitflTO,6s..cloai. 

CAMPBELL.—BRITISH NAVAL HISTORY, 

o£. the Britlah Admird* and Naval of Great Bntdo from the Pays 

ol CsBsar to tiie Preaent Time. Fifth Edition, engravings, fop. 8vo, 6d., clotli. 
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CCJliERlDGl.—METHOD, 

infroduotoiy DiMWtatiDnto % Bn^^p»*a Metropojitana <« ti» Sc«^ oT 
Method, With aSynttpi^x By SAKUBiXAfLoa Colekidob. Orowtt Sto* at., cI* ^ 

COWPER.—POETICAL WORKS. 

With Introduotoiy Easily hr Janes MouwjOMEifr, and Iltostrafions, smail 8»«, 
Zb. 6d., cloth, or S., ototh Kut. 

COX.—BIBLICAL .ANTIQUITIES. 

A MANUAL OK BIBLICAL ANTIQUITIEa, OR ILLUSTRATIONS OP 
THE HOl^SCRIPTURES. By gie %v. P. A- Cox, D.D., LL.D. WithiMa^ 
and nearly 200 lUastiationVerown 8vo, 7a 6d., cloth. 

COX.—SACRED HISTORY AND BIOGRAPHY, 

From'the Antedduvian Period to the Time of the Prophet Malaohi. Edited by 
Rev. F. A. Cox, D.D., LLJD. Crown 8vo, Oa^ cloth. 

CRUDBN,—CONCORDANCE 

To the Holy Scriptorea. Condensed and Revised from the larfter Worit a( CrudpB. 
By Rev. Professor KaolE, D.U., LL.D. Twentieth edition, 8vo, oU^. 

DALGAIENS.—COOKERY. 

The PRACircE op Cook ry Adapted to the Bt wsse op Evebt-Day Lis*, 
By Mbs. I)Al.eAiBN8. Fourteenth Edition, enhfrged, foolaoap 8»o, 3s, 8^^ dom. 

DAVY.—AGRICULTURAL CHEMISTRY. 

ELEMF.NTS OP AGRICULTURAL CHEMISTRY. By Sir H, Hayy, 
BartjP.R.S ,&o. New edition. Revised, by John 8HiBB,A.M.,LL.D.8vo,^6d.,o]. 

DEVOTIONAL EETIREMENT. 

SCRIPTURAL ADMONITIONS FOE THE CLOSET for every Day in the 
Year> with Introductory Thoughts on Religion* By TuouAfi W,uAa<S. Crown 
8vo, 5 b., cloth. 

DICK—THE CHRISTIAN PHILOSOPHER. 

The Christian Philosopher :o*, the Connection op ScIbncb a!?d Psilo- 
soPHT WITH Reliqion. By Thomas Dick, LL.D. Twenty-second edition, 
beautifully Illustrated, post 8vo, fis. 6d., cloth. 

DONALDSON—LIFE OP A SOLDIER. 

Recollections of the Eventful Life of a Soldiek, by Joseph Donaldson, 
Sergeant in the Ninety-fourth Regiment, ioolsoap Svo, 3s. 6d., cloth. 

PROFESSOR EADIE’S WORKS. 

ANALYTICAL CONCORDANCE to the Holy Scriptures; or, the Bible presented 
under distinct and classihed Heads or Tobies, With Synopsis and Index. 
Second edition, revised, post Svo, 8s. 8d., cloth. 

BIBLICAL CYCLOP.ffilDIA; or. Dictionary of Eastern Antiquities, Geography, 
Natural History, Sacred Annals and Biography, and Bihlical Literature. W iUi 
Maps and numerous Illustrations. Seventh edition, revised, post Svo, 7s. 6(L, cl. 
COMMENTARY ON THE GREEK TEXT OF THE EPISTLE OF 
PAUL TO THE COLOSSIANS. Svo, lOs. 6d., cloth, 

COMMENTARY ON THE GREEK TEXT OF THE EPISTLE OP 
• PAUL TO THE EPHESIANS. Svo. Ids.,oloth. 

COMMENTARY ON THE GREEK TEXT OP THE EPISTLE OF 
PAUL TO THE PHILIPPIAN8. Svo, 10a. Cd., cloth. 
CONpENSKD.OONCORDANCE to the Holy Soriptmesonthebasisof Cruden, 
Twentieth edition^ Post 8vo, cloth. 

DICTIONARY OP THE BIBLE, for the Use of Young Pewons. With 120 
Illustrations, tlftii edition, small Svo, 2s. 6d., cloth. 

DIVINE LOVE, a Series of Doctrinal, Ptactioal, and Experimental'Dis¬ 
courses. FoolscapSvo, gs.. oloth.^ 

EARLY ORIENTAL HISTORY; Oomoritingfiie HuterrOf EgypL Assyria^ 

opurses and Speeeii^ M in the Acts of Apoeties, post 8to, fs. 6ds 

.doth. 
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IMTICAL HISTOBT. 


1 of Christ to the 
{ Norwich, Rev. 
BMCr of Divinity 
.S», Right Rev. 
Rev. Henry J. 


l/niWrsTfy'vf C&abHdge, Rev. J. B..S. CsEWiTHfiNn B.O., Right Rev. 
ou#!en, Bi^p of Hereford, Kev. J. R. Riddle, M.A., Rev. Henry J. 
Bjj.,&o.Ae. ^ree volumes, erownSvo, L.l la., oiotih< 

LO?iB»IA MBTROPCLITANA, NEW AND REVISED 

. ^_'I6k. wittbs^ttndsomeJy printed innSeries of 0»bmet Volumee, crown 8vo. 

!. i.-MfiMoO. 8. T. CoLBRiDGE. as. 

aHt«»ttBBSAL OSAMMAB. But J. Stoddakt, LL.D. 6 s. 

Abcshbishop Whatelt. 

4*^RSjBi3'OjBl<0. Akchbisbop W uateet. 3s 6d. 

6.-EABLV CHRISTIANITY. Bishop Hinds. 6s. 

A-POLmCAI. ECONOMY. Nassj.ii W. Sitsiai, M.A. 4a. 

• Iv^HISTO&Y OP THE JEWS. AbchdbaoOn Hale. as. 6d. 

A-SAORED HISTORY & BIOGRAPHY. D». Cox. 6s. 
t.—GREEK LITERATURE. SiBT.N.TALPOCBD,atc.Is.6d. 

lA—ANCIENT PHILOSOPHY. Ret.P.D.MadjiICE,M.A.6s. 

U<-UNIVBRSAL HISTORY. Sia i. Stoddaei* LL.D. 6s. 

15. -.ROUAN ANTIQUITIES. Profebsob Ramsax. Ss. 6d. 

U.—BOTANY. PBOPESSOE Baipook. 

14.—ELECTRO-METALLURGY. James Napieb, F.C.S. Ss. 6d 

16. -EARLY HISTORY OF GREECE. Sib T. N. Tai poobd. Ac. 9 b. 

lA—PHOTOGRAPHY. Robebt Hunt, F.R.S. 6s. 

17. —VETERINARY ART. W. C. Spooneb. Ss. 

16.-EARLY ORIENTAL HISTORY. Pbofessob EA-biE, D.D. Sa. 

U.-HISTOBY OF THE ROMAN REPUBLIC. Db. Arnold, &c. 8s. 6d. 


BO.-PIBI 1 IDAL ANTIQUITIES. 
ai.-METALLURGY. 

aa.-THE CHURCH IN THE SECOND AND 
THIRD CENTURIES. 


De. Cox. 78 . 6d. 

J. A. Phillips, F.C.S. IBa.ed. 

Pbofessob Jeremie. 4 s. 


23.-m8TORY OF GREECE & MACEDONIA. Dean Ltall, &o. 8s. 


24.-R0MAN LITERATURE. De. Arnold, &o. 7b. 6d. 

as.—HIBTOEY OF THE ROMAN EMPIRE. Db. Arnold, &o. IDs. 6d. 
B6.— DECLINE AND FALL OF ROME. Bishop Robsel, &o. lOs. 6d. 
a?.—GREEK and ROMAN PHILOSOPHY. Bishop Blompield, &o. 4 s. 
28.-THE PHILOSOPHY OF THE FIRST 

SIX CENTURIES. Ret. F. D. Mahbice. 3s. 6d. 

aa.-HISTORY OP THE OTTOMAN EMPIRE. ColonelPB oOTnB,&o. 78.6d. 


30. —TRIGONOMETRY. 

31. -OCCULT SCIENCES. 

32. —GEOLOGY. 

33. -THE CHURCH FROM THE FOURTH 

TO THE TWELFTH CENTURY. 
84 .— CHRONOLOGICAL TABLES. Dit. I. 
S5.-CHRONOLOGICAL TABLES. Di». IL 
86.-MEDIJEVAL PHILOSOPHY. 
S7.--PRAOTIOE OF MEDIOINK. 
ffl.-«U)SaOLOGY. 

SR-APPLIED MECHANICS. 


Pbop. Aibt, F.H.S. as. 6d. 
Ret. E. Smedlet, &o. 6s. 
Pbof. Phillip 8,F.R.S. 128 6d 
\ Ret J.B.S.Cabwithen.B D. 
/ and Others. , 

I. M’Bdbnet, LL.D. 63. 
SamOBL Neil. 6s. 

Ret.F. D.Ma'DBice.M.A. 6s. 
Db. Aitef.n. ISs. 

Sib John Stoddae*. 7s. 6d. 
Pbofessob Raneine: las 6d. 


IB.-CHUROH HISTORY FROM THIRTEENTH 

CENTURY TO PRESENT DAY. Bishop Hampden, Sus. 7 a. 6d. 
« /THE,LAW OF NATIONS. ArcherPolson, M.A.\os6d. 

AND DIPLOMACY. T.H. HoRne, B.D. 

4a.-THE STEAM-ENGINE, i AND OTHER „ „v.«a 

PSniE MOVERS. ^ P*OFWi»OBBJJMDNE.ia-8d. _ 
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ENGLISH LANDSSOAI^' 

Tbb‘ ' “■ ” " - 

alter 

WICK, &0., &c. With l}«script._ 

L.l Is., or OMUrtiftiUy oojoured, £.2 8a. 

FINDEN—BRITISH AHT. ^ 

THE royal OALLJERY^OI? ART-48 Ma«nMo«Dt ^ravi^M • 

after TuanffiB, LaNDSEBB, SiaWwauB, &c. EneWiTwi by liie »5 ad®ii«; 
elephant tolio, L.8 Ss., hatf-bouBa mdrocoo, extra* 

FLEMING.—VOCABTOASY OF PHILOSOPHY. 

THE vocabulary OF PHILOSOPHY—Momt, Mbkiai, *»» Mk 14- 
PBTSiCAL. By WituAM PLEMrao, D.D., Professor of Moral Pbilosaflhy in 
the University of Olasfow. Second edition, revaed. Fop. 8 to, 7s. 6d., cl<w. 

GARDNER’S (DR.) POPULAR BIOGRAPHIES. 

MEMOIRS OP K.MINENT CHRISTIAN FEMALES, with Pin-traits. 
Seventh edition. Fooiscau 6ro, &. 6d., cloth; or Ss,, edges. ^ 

MEMOIRS OF DISTINGUISHED kiSSfONAgffis. wth Portraits. Third 
edition. Foolscap Svo, 2 b. 6d., cloth; or 3s., gilt edges. 

GREEK AND ROMAN PHILOSOPHY AND SCIENCE. 
HISTORY OP GREEK AND ROMAN PHILOSOPHY AND SCIENCE. 
By the Rev. Da. Blohfield, W. Lowndes, Esq., M.A., Q.O., Rev. J. W. 
Blakeslet, M.A., A. FiNOLATaa, A.M., Rev. Prof. JaitKills, Ber. Prof. 
WHEWELL, and others. Crown Svo, is., doth. 

GREEK LITERATURE. 

A HISTORY OP GREEK LITERATURE. By Sir T. N. TAtFOVhn, Eight 
Rev. Ihr. Beomfield. Bishop of London, Rev. H. Thompson, M.A., and other 
Contribators. With Chronological Tables and IndeE. Crown Svo, 7s. 6dn oloth. 

GREECE.—HISTORY OF. 

PICTORIAL HISTORY OP GREECE from the Earliest Period to the 
absorption of Greece m the Roman Empire. By E. PococKa, £sq..Jtev. J. B- 
pTTLEY, M.A., Sir T. N. TAtroDBD, D.O.L., J. T.-Rute, EsqTW. Roe 
Lvall, D.D.. Rev. J. H. B. Mocntaih, D.D., Rev. G. C. Renodaed, B.D., 
and others. Illustrated by ngmerons Engravmgs. 2 vols. crown Svo, 14s.,-oloth. 

GRIFFIN’S NEW EDITIONS of the CLASSICS. 

.Tunior ClaMics— 

Kxtb,act8 fix»m CaESAtt’s CoMKENTAaiss, Vocabulary and Kotes, by 
J. OuBBiE, (sHasgow Academy. Second editioff, ISmo, 1 «. 6d. cloth. 
lixTBACTS irom Ovid^s METAMoaPHOSBB. bv I. M*Bu&nbt, LL.D.8 with Copibufl 
Woteg, Second edition, 16 mo, Is. 6d., oioto. 

Cheap ClaMloal VcoKl*^ 

Horatii ^sba., from the Text of OrelHua, large tppe^ foolscap 8»o, Is. 9d. 

ViBGiLii Opeea, from the Text of Heyne and Wagner, tori/e fj9>e,fcp.8vo,26.3d. 

Olaaeical IVote»~~ 

Notes TO Horace’s Works, by Joseph CcauiB. Fcap. Svo, 4 b. 

Notes to Virgil’s WofeKsTby A. H. Brycr, B.A. Fcp. Svo, fie., cloth. 

rnlreralty Aiiaatatad CloMloa— 

Vtroilii Opera, with copious Notegby A. H. Brtce, B.A,, one of the Classical 
Masters m the lii|^ School of Edinburgh. With lUustiattons, foolscap 8vo,ir».6d. 
"^*tATii Opera, T^th Copicms Notes, by Joseph Currib, one of the ClasidcRl 
Masters m the Glasgow Academy, with Illustratiwis, foolscap Svo, bound. 

I1l«etnuc4 ClaaUca— 

Horatii Opera —260 lllustrationfli, and Memoir, by Rev. H* Thompson, M.A., 
crown 8vo, 7g. dd., cloth, or with Curried Notes, <rfoth. 

VuLQiLii OpiRA.*—300 Illustrations, and Memoir, by Rev. H. Thompson, M.A,^ 
crown Svo, Ss. dd., cloth, or with Bryce’s Notes, lOs. 6d., cloth, 

HALE.—HISTORY OF JEWS, 

From the Time of Alexander th^ Great to the Destruction of Jerusalem by 
By Archdeaeoa HarIE, Master the Charter House, Crown Svo, Ss. 6a., <a, 

HINDS.—-EARLY GHRISTIANITY. 

THE RISE AND BABLY PROGRESS OP CHRISTIANITY. By Sigh* 
Rev. Dr. Htnxs, i^sftPiPef Nerwkdu New Edition, Revised* crown 8vo,lh.6d., cl. 
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;HUirr,—PHOTOGBAPflY. 

A MAjreii 0» PJWWMSauPBT, emhraoin* the BaKUBiraotype, Calojype, and all 
the |)uMiahed PJiotOgriuJhio procesaes. By K^bkbI BtBt, F.B.S. Fifth edition, 
aalpiV^' Nnmeroiu EnKnavings, crown Sro, cloth. 

JAMIBSON.—RBIiIQIOUS BIOGRAPHY. 

POPULAR CYOLOPiEDIA OP MODERN RKLIGUOUS BIOGRAPHY. 
By the Rev, Robekt JauiBSON, D.D. Third Edition, crown 8vo, 3s, 6d., cloth. 

JBEBMIE.—CHURCH HISTORY. 


HEBTORY OP THE CHRISTIAN CHURCH IN THE SECOND AND 
THIRD CENTURIES. By James Amibavx Jeebmie, D.D., Regius Professor 
of Divinity, CaWbridge. Crown 8 to, 48., cloth. 


KING.—GEOLOGY AND RELIGION. 

'IHE PRINCIPLES OF GEOLOGY Explained and Viewed in their Relations 
to Revealed and Natural Religion. By Ret. D. Kims, LL.D. With Notes, 
dsc., by Professor Scovlek. New edition, revised, foolscap 8 vo, 2 b. 8 d., cloth. 


MACKEY.—FREEMASONRY. 

A LEXICON OP FREEMASONRY, comprising its Terms, History, Tra¬ 
ditions, Antiquities, Rites and Ceremonies, &c. By A. G. MaCKET, M.D. 
New edition, railed by Donald Campbell. Crpwn 8vo, 7s. Sd., cloth. 

M‘BURNEY:—ANCIENT HISTORY. 

THE STUDENT’S HANDBOOK OF ANCIENT HISTORY. Edited by 
1. M^Burney, LL.D. With MapSp Tables, &c. Crown 8vo, Ss. 6d.p oloth. 

M‘BURNEY.—MEDIAEVAL HISTORY. 

THE STUDENTS HANDBOOK OF THE HISTORY OF THE MIDDLE 
AOES. Edited by L M‘Burnky. LL.D. With Introductory Dissertations, by 
Colonel Procter, C.B. Maps. Crown 8vo, 5s., cloth. 

MANUFACTURES AND MACHINERY. 

THE ENCYCLOMDIA OF ARTS, MANUFACTURES, AND MA¬ 
CHINERY. By Professor Barlow, with an Introductory Diasertation, by 
ProfeAbr Babbage. New edition, withPages of Engravings. 4to, L.l Is , cloth. 

MAURICE.—MORAL AND METAPHYSICAL PHILOSOPHY: 

Ancieni Philosothy, comprising the Hebrew, Egyptian, Hindoo, Chinese, 
Persian, Grecian, Roman and Alexandrian Systems of Philosophy. By Rev. F. 
D. Mabbice, M.A.,Chaplain to Lincoln’s Inn. Third Edition, cr. Kvo, Cs., cloth. 
Philosophy op the Fikst Six Centuiues. Crown 8vo, 3s. «d., cloth. 
Medi.«val Philosophy, ^rown 8vo, Bs.. cloth. 

Modebn Philosophy. Crown 8 vo. InthtPrm. 

MENTAL' SCIENCE. 

Sauhel Taylor Coleeidoe on METHOD : Archbishop Whately’s Trea¬ 
tises on LOGIC and RHETORIC, Crown 8vo, Ss., cloth. 

MERCANTILE AND MARINE GUIDE. 

THE MERCANTILE AND MARINE GUIDE. By Graham Willmore, 
Esq., A.M„ one of Her Majesty’s Consel, and Edwin Bebdell, Esq., of Her 
Ms3 csty’s Customs, London (author of The British Tariff). One large volume, 
6vo, LI Ss., cloth. 

NAPIER.—DYEING. 

A Manual oy Dyeino, Practical and Theoretical. By James NaPter, F.C.S.* 
With Engravings. Post 8vo, 78.6d., doth. 


NAPIER.—DYEING RECEIPTS. 

A Ma5ual op Dt£ino Receipts, with Speoimem of Oloth. By James 
Napier, F.C.S. Second edition, revised and enlarged, post 8vo, 7 i. Gd., cloth. 

NAPIER.—ELECTRO-METALLURGY; 

G^taining an Account of the most Improved Methods of Depositing Copper, 
Silver, (iold, and other metals, with numerous IllustratioiM. By James NaPiKR, 
F.C.S. Third edition, revised and enlarged. Crown 8 yo, 3S. Ai., cloth. 

NEIL.—MODERN HISTORY. 

THE STUDENT’S HANDBOOK OP MODERN HISTORY from the Begin- 
ningof the Sixteenth Ontnry to the Present Da)*. Edited by SauORLNsil, Esq. 
WiUi ReBeotlone on the French Bevoluticm by Lord BROt?Gll&ic,crown8vo, cl. 
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NICHOL.—PHYSICAL S(2&SCLS. 

A Cyclopadu I ■ ‘ 

Dynamics, Eleoti.— 

matica, Metem:x>logy,upMC»* rEwum*w^«7t»n«*. 

Secondeditton.revisedAnd^niarx^. With maps and lilustmtioos. 8 to»1j. 1 ls,,cl. 



OTTOMAN BMPIRB. 

Histobt op TH* OTTOMiU* SwiBS, from the Earliest Periods to the close of the 
RusBian War, inoludlng a Sketch of the Ure^ Empire atid the Crusades. By Col. 
PBOCTEa, Rev. J. E.Ridplb, andJ.M'CoNECHT. 2d edition,with Map. Cr. 8vo, fis. 

PALBY.—NATURAL THEOLOGY; 

Or. the EVIDENCE of the EXISTENCE and ATTRIBDTES of the DEITY, 
by W. Pai.ey, D.D., Archdeacon of Carlisle, new edition, witli Notes and Dreser- 
utiona by Loan Bbooshaji and SiB Cu. Bell. 3 vols. small 8vo, 7b. 6d., cloth. 

PHILLIPS.—GEOLOGY. 

A Manual op Gboloot, Practical and Theoretical, with Numerous Illustrations, 
By John Phillips, M.A., F.R.S., F»<t.S., Deputy Header of (i^logy in the 
University of Oxford. Crown 8vo, (id. 

PHILLIPS.—METALLURGY: 


A Mancal of Metalluboy: being an Account of Assaying, Mining, Smelting, 
Ac., by J. A. Phillips, F.C.S. Third edition, revis^ and'enlarged, with 
above ^ Engravings. Crown 8vo, 128. 6d., cloth. 


POCOCKE.—INDIA IN GREECE ; 

i)r, TRUTH IN MYTHOLOGY, containing an Account of the Sources of the 
Hdlenic Race, the Colonization of Egypt and Palesfiue from India, Ac., Ac. By 
£. PococKE, Eeq. Second edition, illustrated by Maps of India and Greece, post 
Svo, 5s., cloth. 


PROI3T—DRAWING BOOK. 


Elementaet DrawinO'Book of Landscapes and Buildings. By Samuel 
PROUT, F.S.A., comprising 124 subjects. Oblong Svo, 6e., cloth. 

PROCTER—CRUSADES. 


HISTORY OE THE CRUSADES: their Rise, Progress, and Results. By 
Colonel PnoCTEB. With lUostrations alter Gilbert, &o. Crown Svo, 3s. 6d., cloth. 

RAMSAY.—ROMAN ANTIQUITIES; 

A MANUAL OF ROMAN ANTIIJUITIES. By Willuh Ramsay, Ml-A., 
Proleasor ot Humanity in the Univeniity of Glaj^ow. With Map, numerous 
Engravings, and very copious Index. Fourth edition, crown 6vo, 8s, 6d., cloth. 

RAMSAY.-LATIN PROSODY. 


A MANUAL OF LATIN PROSODY. By William Ramsay, M.A., Pro- 
fessor of Humanity in the Univeraity of Glasgow. Second edition, revifi<e» and 
enlarged. Crown, 5s,, cloth. 

RANKINE.—MECHANICS. 

A l^NUAL OF APPLIED MECHANICS. By W. Macquorn Rankine. 
LL D., P.R.S,, &C,, Regius Professor of Civil Engineering and Mechanioe m 
thf^niversity of Glasgow. Numei-ous Illustrations. Crown 8vo, 128. (id., cloth. 

RANKINE.—STEAM ENGINE. 


A manual OF THE STEAM ENGINE AND OTHER PRIME 
* MACaoORN Rankine, LL.D.. F.R.8., Regius Professor 

of Civil Engineering and Meclianios in the University of Glasgow. Numerous 
Illustrations. Crown 8vo, 12i. 6d., cloth. 

REID.—INTELLECTUAL POWERS. 

Kkays on thb Intellectual Powers op Man. By Thomas Reid, D.D. New 
edition, croWn Svo, 6s., cloth. 

RELIGIOUS DENOMINATIONS. 

A cyclopedia op religious DENOMINATIONS. An Authentic 

Account of the various Religions A**svajiing throughout the World, written by 
Members of die r^peotive Bodies. ^Second edition, crown Svo, 38. dd., cloth. 

ROME—HISTORY OP. 

PICTORIAL HISTORY OF ROME, from the Foundation of the City of Rome 
to the Extinction of the WMtem Empire. By Rev. Thomas Arnold, D.P., the 
Rev. Prefi^r JhB£mis, D.D., Sir Thomas Noon Talfourd, D O.L., and 
others. Numeroi^ Engravings. Three Volumes, crown 8vo, LI Is., cloth extra, j 
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ROMAN LITERATUEB. 

A HISTORY OP ROMAN LITESATtrRK. By Bev. Thomas AiiNotD, D.D , 
Rev. Hinby Tbomfsow, M.A., Rev. J. H. NbwMak, B.O., tlie Rev. J. M. 
Nbaks, M.A., »n4 otlier Contribator*. OnWra 8to, 7». 6d., oloth. 

SCEIPTURE READINGS-JAMIESON. 

The Bible Pamilbably ExplaibeB to the Yohno. Edited by the Rev. Or. 
Jamieson. With IlluAtratioae, IooIaow Svo, &, 6d., cloth. 

SENIOR.—POLITICAL ECONOMY; 

The Science whiA Treats of the Nature, Production, and Distribution of Wealth. 
By Nassau W. Sbniob, M.A. Fourth edition, crown Svo, 4a., oloth. 

SMEDLEY.—OCCULT -SCIENCES. 

THE OCCULT SCIENCES— Sketches oe the Tbaditions and'Superst.- 
iioNS OF Past Times and the Mabveib of the Present Day. By Rev. E. 
Smedley, M.A., W. Cooke Tatlob, LL.D., Rev. H. Thompson, M.A., and 
ElihO Rich, Esq. Crown Svo, 6s., cloth. 

SPOONER.—VETERINARY ART. 

A PraoUoal Treatise on the Diseases of the Horse. By W. C. Spooner, Esq. With 
60 Enaravlnas. Crown Svo, 3s., cloth. 

STODDART.—GLOSSOLOGY. 

A TREATISE ON GLOSSOLOGY, or the Historical Relations of 
Lanquaqes. BySir John Sioddart, LL.D. First Division. Crown, 7s. 6d., cl. 

STODDART.—UNIVERSAL HISTORY: 

Two Dissertations— First: On the Uses of History as a Study. Second: On the 
St^aration of the Early Facts of History from Faole. By Sir John Sioddart, 
LIj.D. Crown Svo, 6s., cloth. 

STODDART.—UNIVERSAL GRAMMAR, 

Or, the Pure Science of Lanffuage. By Sir John Stoddart, LL.D. Third 
edition, revised, crown Svo, 6a., cloth. 

THOMSON.—CHEMISTRY. 

A (Jx’CLOP.ffiDIA OP CHEMISTRY, Practical and Thforctical, with 
its Ap^iCations to Mineralogy, Pliysiology, and the Arts. By H. D. Thomson, 
M.D., F.R.S., F.C.S., Professor of Chemistry at St. ThomasN Hospital College, 
London. With numerous Illustrations, post ovo, 12». tJd., cloth. 

THOMSON.—DOMESTIC MEDICINE. 
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PREFACE. 


In drawing up this Manual of Botany, the object has’been 
to give a comprehensive, and, at the same time, a condensed 
view of all departments of the science, including the micro¬ 
scopical structure of plants and their morphology, the functions 
of their various organs, their classification and distribution 
over the globe, and their condition at various geological 
epochs. Care has been taken to notice the plants used for 
commercial or economical purposes, and particularly those 
having medicinal properties. The principles of adaptation 
and order which prevail in the vegetable kingdom have been 
prominently brought into view, with their bearings on sym¬ 
metry and arrangement. 

The physiology of plants has been considered in connec¬ 
tion with the anatomical structure of their different organs, 
iuid the recent views in regard to the embryogenic process 
in flowering and flowerless plants have been brought under 
notice.* In the department of classification, the system of De 
Candolle has been more or less completely follow'ed, and the 

• In the Author’s “Class Book of Botany,’’ the physiological department of 
Botany is very fully considered. 
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characters of the natural orders have been •briefly given. It 
has been shown that the great object of classification is to 
arrange plants according to their affinities in all important 
particulars, and thus to trace, what may be considered to be, 
the plan of the Almighty and all-wise Creator. At the same 
time, in all systems it is necessary to have artificial means to 
aid in the study of genera and species. Such means, like 
an index, must be easily applied so as to assist the beginner 
in his studies. It is only the Botanist, who has an extended 
knowledge of the vegetation of the globe, who has examined 
the eflects produced on vegetation by climate and other eir- 
enmstances of existence, and who has studied aberrant forms 
in connection with natural orders, that can take a correct 
view of the alliances of plants. 

The divisions of geographical and paleontological Botany 
are still in an imperfect state, and are nndergoing constant 
changes from the discoveries of naturali.sts in various parts ol' 
the world. All that has been attempted in this volimie it, 
to give a very general outline of these subjects, and to call the 
attention of the student to the points which still require 
elucidation. In the Appendix will be found a description of 
the microscope, of its use as an instrument of research in 
histological Botany, and of the mode of making vegetable 
preparations. There are also added directions as to the 
collecting of plants and the formation of an herbarium, with 
hints as to alpine travelling, and as to the examination of a 
country in a botanical point of view. A full glossary of the 
ordinary botanical terms is likewise given. 

The study of Botany is well fitted to call the ol'seiwaut 
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fainilties into active exercise. It teaches the student to 
mark the diffiyences and resemblances between objects, and 
leads to habits of correct observation and diagnosis. In 
■ the present day there is a growing feeling of its import¬ 
ance in mental culture, and a tendency to include it as an 
optional class in the curriculum of Arts, as well as in that of 
Medicine. It is now also taking a place in our school-books, 
and thus becoming part of the education of the young. It 
i.s a science fitted for all ages, for all ranks' and for all 
seasons. ‘‘ In youth when the affections are warm and the 
imagination vivid ; in moi-e advanced life when sober judgment 
assumes the reins ; in the sunshine of fortune, and the obscu¬ 
rity of *povcrty, it can be equally enjoyed. The opening 
buds of spring; the warm luxuriant blossoms of summer : 
the yellow bowser of autumn ; and the leafless desolate groves 
of winter, equally afford a supjcly of mental amusement and 
gratification to the Botanist.” It is hoped that the present 
Manual may aid in the promotion of a science, the study of 
which is so well calculated to contribute to the enjoyment 
and w'cll-being of mankind. The examination of the plants 
which clothe the surface of the globe, of the lilies of the field, 
and of the meanest moss or lichen in our path, is well fitted 
to call forth exalted views of the eternal power and Godhead 
of Him who hath made all these for His owm glory, and 
whose providential care extends to the clothing of the grass 
of the field, which to-day is, and to-morrow is cast into the 
oven. 


17 Invebleitii How, Edinburgh, 
• Gth April 1860. 
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